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j<uLa-J (^J^/l 4j>.jjJLj ( _ ;r cLjj>. J t~ (^yclllaj aVI 
«Lo_Llie_a CjVLa_a (j_a ^< i a i a sej aj »l g Ir (jj^ 
iCjLlUsLjjJIj i (j La * 1 1 j i4iill plf j i^VI <_ . i nb»J^ 

p n 1 J^-><J! Jjj i_i£!jJ! i a2uX\ ££jL2J! 

4_oLc I J * a Jj^l p ' t^ll pu-"JJ '■ j*l ' "^1 

j^jlflll p , ,. £tl ( _ ;r 3j - J-^' Jj 1 a ^-I^jSLII (j^W Ct 3 
i(Jj i a^ A i i i ii ( _ ;r 3 4-L»-Lj-LaJI CjLiil! <L>JL«Jk 
2-jJLSLijiVIj sLtitjj LlJ I Sj la 1 11 ij^-i I gja 

j 1 J * ^ * tl cL_>JL»_aj i«Lj_u_ujJ! 

. 4jjiil! (j^s j i a III p-£3j U ; 1 1 ^^£_J| Jjjliejj 
( _paj-jLjj i4^j-»_L1 (J_u_a-> d j * 2j ^j-iHij ciJliill p ui-flll 
(J-lJ-SeaJlj JLflJjIj £j_<SJL] 4 lil'i^ca JjjJaj t_4jJLui^ 
{j£j .CjLsjVI 4j- i'oI^JI 5J!U^I £-a 

j j -»JI 4_a_Ia_i^1 £-^_Ud^_o (JjL_lILi p i all 

^iiLa-Ll ( _pajjLj La^ i LgljJlSLilj 1 ^ . ajl ' a> 1_}jL^tja 
(j-C ' ■ i j S llJ I j n_i_Ia tl^ SjJLuILa CjVL« LgJLa 
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^.L^jJI J ■ <Lj i -t <GjJj (_£lIJI1 -iJ^tjj i^ljij-U 1 j_A ^ w ^ I :U ^jjl 

.juVl 

- La j m ytl ,j-a 3-jJLs- 3j)L>. 3j)Lo 4_j3 a i a sej 1 1 JU*J liilj (0-C.JJ ' L^JJ^ Ji 
Lj>c (jjljJ IjUjJj . jJI ..3_cl«l!j 4jjIj^>-VI S^jjII j i3j_ujJI 2 aJajVl 4jJ1jl3 

I r j-^j-j : LuLij . S-jj-Ajo^Li ! jut J_y- i_<jSLI! (j-a j_uSLII 

J_Lo <1j^sL>.J Sj_Li.VI Cllj f Mill t_JJJ<JI IjuljILa Lai <a**( frl 

jjjJaJLl 3JL!LjJI S_L«jtVLi l^ljj! (j .i'nij Ls-a .^yj .^I)) <£j_<5J SjjJjlII 
(j^s (JjUjJI joSLII 2Lu*.j^J i_^L>J! ^Ijicl^l ^jUjjt^j i4;Ujj(JI 4iil (_l^L>J! 

J^C:! jj3 jjj) j 2 j » JjJaJI oLiill 4jJL«ji ^ ^JVjJI JjLelll S-ujjtl^ 3_aLt 

.(JL>J,! Iju& (^yi i.~ i t j 1 1 SjliLs cjI j> Qj's" i u ujLjSL!! «L>.^)JaJll 

Lijfej ,jilj-j_>J1 ga S «j tgjj 2 atjt 1 3jl?e_A jj-* itiiJlltJ! ^JLjlJI 4jjlj ^jLifo 4jLii 
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L-t-j-uLaJI i ^LlLo j_3 (j! (j^L«-i J-Aj . «L>-L>JI C^.^ I o K L^jjI i ill 
^j^l^il -iJ^- -i'-ij^ L)' (^jL^i-I ujLlSLJl 1 JLA JiU j-i^jlu J^Lj (j^^J 

iJUJ.1 I jut ^ t-jjjjJ! (j-JjlI! <i^t-J! ^Jl itijLuL^j'^! 
.j«i«J! I j a ^ i ii Uj ^IjjV o-'i <^^<*mVlj J-2-iJI 

f 1 989 j ykii st 3 ^ ujjSJI 
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4*tttW&\ 



p ,„ -,tl ^UiVI ^J^LoJ! sKL^a ^ SjjLa ^1 

w I C >l_Ll-La ( _ ;r 3 jlj^S jLitj! jl i La 3J1 ma 

J-X—l A , ,, A i j_a|_jj_jJ! fl-fljJU I J-#J l_fl_L*aj 

ji .ajuai j^j j_o3 j! ^pji (l) 3_i i> i i j! 

CjLlLsjlII (jjs JjJljlII ^1 £_y>.jJLi jlj_2J! ^1 Jj^jjlil 
. j-aLij-JI L$j (_g JLC. 4c jjlL! J" i uVI 

^_*_oL) i_iij)j-*_a La ^JjLu <Lal_A <J^_=»o d la 3 1 1 JLA 
4-<JVjCoj/V! 4_jLu<J! L$-l3 ^<Cu (_ 3 jJI ((ClLajUU <U1Sj )) 
^1 JLa-**<< ul * )1 i tut j Lta sc *" J i^jL-oj^M Jjjj-Ls 

-I U -^Vl t_a| £u ' £1 j iSj-^a- " i ii U ' a ilj II £_a 



1 1 



3ji<iLjjJI (j^aSI i^ajJL (j-aliej (_pJI Cybernetics <Lulj j i ..ILi 1 Laj. I ;U . ^Vl 
M^'njjU u& l_Lu La^to-I JUx.Vl tfjut -ij^i L*jj>j ^pJI JLtcVl 

4((^JLjj-aJ! » jl ^ l^la oil I c_ijlI j i ii ) ^liSLa " * rt c^ - ^ (^-^ tj^^ 

O '"'**' 1 i4jj * mi 3 1 J ' ^ a icLLuaLjj 5Jl_i_u_a ij-i-J (Ja* jl 

00.LJI 

gLa Jl^-**i i n t \ 1 C ^pa^^Ail a * * a * ^cJ t «4_i^J» L^-lt 
L 1 i uLstll ^_al_jj-j ijr 3 £JLA (Ji*J_l iCjWjiILi-ulj CjLa^Lca jj-a uLal ui III IjUj-l 
j_a|jj_iJI dJi^.^La i_£-5j3 JLSj .^aLjj_JI I JLA i_djjj_u d t^^\l ^ j ^ jJL j<u i^V! 

liJ^l i n iJJ JI ^jjjj i4_i_iiAj ^-aLj^-JI ijr 3 ijr lLlJl_lj 4(_£jJa_Ll1 dim nt 

. 1ji£Laj ^J^IaJj d \l *i ^•ys gj ♦ iTi i n i Laj i^_al_jj-AJ t a b se rt 

jJall! i_i5ej CjVLjIo.VI jji^. j! I jut ^^-utJtj ^^.Combinatory explosion 

-JL>.j (jl-JiLaVl ,_L>J! ^Jl J_i^<mJ! <>SLaj V sLii !jU>. j^u^ L>_l3 

LjjV jl i I JL>- ^Lj^Ja Lj^J JLs-Ij i.'.t jll 3jUr (j^/ ij_JuLdl i.'.t xll CjLlUjlj 
CjjlX2 JLai njLvujVI i- 1 1 iiL>J1 Sj^li 4j(jj/ ' *>f^ ^J^'- 3 ' . ^ 

i 120 (j^l 10 (jJl^^tJ jjj ^ jUmiII jJaiJ (4) 3JSUI! >lla 

LgJu) seJ jl iCj^Lail! aJ^i 4lal£J! S.cj^jjJ,! ^ a 3JUtjjj/l j-Usl^I! (j^ 1 
JU>. ^-J J^I^J! (__r3j • 3_a«^La ^jd jj lX2lu 2 j j 5e i a a <_ i i iiL>JLi 

. 1, ) LaJI I jut I tla i aVI * l^jjJLi J <" ui U j CjI j i'i-iLjjJI joJLc ^j-i-uL-i/I 

I ggje lj 3J| i ,i n H )>L>. tiJLufc (jl dlLu^ CjLuIsLjjJ! ^JLc i nj LaJLu^ 

(jjSLj V JL3 5JI inalt Js. {jZ. i.-.t m (jXillL-LaVI *KjjJL> Ji~i .Ml o' L^^W 
i" j U (j-* l5' ^Jj j 5 rt 4_lSLIj i LaLaj (JlLa^/l i^-LSe ■ aJI (J->»J1 ^-A 

L^jjJa ^ s IjGj*VI (jSLajj i^j^UI (j^s J>La! b^j l-J tajj idj! i ,ilL 
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• ilLuiil JjJ 5 ,j 1 U 1 I oLaal«ll £-Juv>. L$j£ J-3jIj V JL3 ^,11! 3-uLl2jJI jJa^aJI 

. Master Mind «jl_u>JI jJL«JI» 3_mJ ^ila ji.Lil 
Jj^sjii! algorithm Lajjl^i. dJLla (ji cjLjjI ^1 cjLlUsLjjJ! pJLc <-2Jl&j 

I «i 'tis tCj I jjaj» i ii ^iiLo Jjjj ^ ' " 1 1 J la "- 1 1 (j-a ( _ ;r 3 4jjtll (Ja. ^1 

u'ii a (J^-J ^-aLij-i £_ua^J 4jjL$_a (J^ w c ^ ilaj -**>V1 ^L^jJL) (J^J uiXI ^ JLa-**i i u ) 
L4I (jjijla JjJ! LflolLajj (jlll .-.IjU-Ltl jjlc. La! i3 qjI 1 1, jVjtl^l Jj-^eri^ 

(jl jj* ^ycl iL-LoVI *L^jJI ^ jljLJI tfUoVLa .3_ua-&Vl (j^s (jJjVl 5^>.jjJ! 

L_AjJJ JJ-}-* '^^>^J 4 * ll ' n «LCj-*_u (j_a p_Al 3j_j_>J1 AJua uj\ ££jLj_a 

(jrtio-LJI (jL&ji ^ Ls-jjJsj jjt-i HI £j!>^ J^' o' (^AjJ .^ySIaill ^"i 1 nU ( _ ;r l£. 
(j ta i 1 1 ,j-a 3 j 0 fr? Jjsl cbi j£jll <j-»a deductive logic, (j-lal j i"n ..VI Jj U ; 1 1 jjt 

I r.U .V.? p U. . ^ ^ inductive or inferential logic ^Vjii^Vt S"i . nVl 

.*L£jJL> 3nU-,t,l 

j_j_L»iLl inference « JVj" 1 iiVI» U ,_sLjSL1I I jufc (^ ^oir" mi. nj 
CjLlUsLjjJLI ^1 JLa-" ( nVI IjLA t_uL>- ■ Jal j i"i 1 nVlj e \j eu ■ nil (^j^La (jx. 

(j-a- La JLs. ^1 L?j" 1 11 a (jJLc-l L^-aJLy" mini t(_, iiU it, I (_gj"i 1 nU 

Jj^j jjil <j1_aj!M-!l 4->JL»Jil ojsjj Sj^l jJI d 1 1 nl CjIj-j Juij Jj 1 a — 1 1 (_^>- 1 
^_a^La <Xa3 iS^-$ °**'^ ^j-? 1 ^' (j-A <Li2 1 ^5 ^Jjl^r i i . La 3J| 1 n a ^J^. ^Jl 
i4_Ia_LJj-a L^-aJL^J (jy-^^ JtH^-*-^ ^^**i i . '"1 1 w ^ I lla ' *L^jJ1 ^_a1jj 

i^LLa cL^jdl ,j_a IjJLS 1 _dlajj (^jJIj 1 L^U. Jjl 1 nU ^l>iLi i4^>- ,jjs 

j^jJaj ^J^>- I 4_o-.Li jj-a 4_La_Uj-a ^j^'C'i t u La^ i(_Sj)jJt_a |*Lc (_L^. L^J (j-*^ (1>^J 
.(^jLuiiVI sL^jJI t-£j£. La JSLl 3 n<~i 1 11 U j 3-ajir"i 1 nU 3_LitaJl! 4jJL«II 



Symbolic Representation: j#jJ' Jmm«nJI 

Lj/Lj/! ^jj-"in" L^ji lla-LoVI «L^jJI J-alj^J (jJjVt 3 a 1 nil (jl 

^jt SjLjl 1 n II 3j-SLiU L>.jl_t-a ^ ' a 2 * ^JSLiljj 1 JLA ijr 5 ijr^J a '3-3^0 

(jaSLlj (_gjLcLaJ! i ii U ijU'i i^LajV! i5j-<-u (JjLuj (jl ^-jlaj • V <_ 1 1 nL>JI 
V! jitlj (jl JajLlII o j^J (jSLaj binary devices 5_uLu JajLj ^ja <. . . ..LjJI 

(jjJLA jLlo~I (_JJ| Ji^J ■ « j ii i r-i jl I » t_l La^J j-ajJ (jl <3^' (j^-*J^aj Jls-I 

(jl g. j Llj i V i. i { uL>JI (jl dJjLaJI Sj£_i!l j I mi" 1 1 (^1 (j1_ui^jJI (jjj_ajJI 



I J 



* ^ a j (jr" 1 -^ (J^-k j-i-L4-i i « V 4j1j i« V j t ^oj-u p ^ aj ' 

LijL>.^J tneurons-^gj ■ a*JI L^ijJI . a lt jl , h'iMJ , ..U (j-o^j I jj laj 

4_ul£Lal ^Jl j j i"n ^jLuJI £_U^oJ1 Ltiajl JLalLaLj 4jt jL-u_iV! ^-ill (jl 

cjIjIjJU! jUtjIj JljJL*!]! 4JLILJI ^o-ufcLiUj cjljjj^alllj jLCa^l j-iojiIJI 

4-ul£_al (jl 1 'I i"i . 4-uLuJI CjVL>J! jl ^-LUsj^I qj& fljij tali a Ci^ j*C uuJ 
L^a^jflj ^jy^-Jl 4_uLuJ1 ja_ajJ1 4_Laj_u1 ^o-s SjLajJLlj L_iJLft_l 1 < "^JJ ' agll J-^*-^^ 
. 4_iSLa-a CjIjIjJlII jLitjl <ULa£ 3L^Lx-a (_L*-><-! i-. 1 1 .ib>Jl 
tj . -I « ; *t-5l (j-o (^^c j_i £-l<u La J-xLaJLi J^-JJ 

^LJLsjlI! tfj-A jjLu ^Jij-"i 1 n~ La LJLc <jSLlj ij-a^/l ^Jj I jl 4_ul 1 n-»JI vZjLJUjlI! 
oL j - L g- t JI ijj-«-a (ji (jlt-a-i iconceptual level ^IjS^l ^j" , U (jlc. 
^-Us jjj . 2_aLij_iJ! L^j j» jJL 4jJVjaj-uV! 4-JLjjlII Ji. J-u-u 4-ul i m-»JI 

^3 4_t_L*_a 4_a^Lt_a I j JL9 t_£<^-J1 (j .JaJI ^j^^-^ ulIJI ^_a1jj ^j_a (JLla tiUli 

^J*C uilLl 4jj-ajJ1 Lgjj^oo-^ 
«4_La_u_uJ ijr aj>. (j-* 3 iJ3 _lL*j j^jiajj-U)) 
'.JlLa fiLj_aj9j 4_a^Lt-L «LjJVjG_*_u1 4_lLjjlj cLaLjJL) t. < 1 nL>J1 L^jJI (J_t-£30J 

. (( Cj L^jj-^3 «L>.j_} 4jLa j^^iajjJL! 3jljj>. cL>.jJ)> 
jj-a 3_jj_aj «Lao_L*_a ^ JLa-"< i tU (jl w C I tlaj -^Vl ^L^jJ! ^_a1j-±J j^)^- 4 - 1 La^ 

'.(JlLa cllLil!! j^^lj-at ^i^- 

".(^^L^ (_Jjj>.i 4jj^j 5-ajU a ^1 Jj^sjiU 
^J*C i"i 1 L^ 1 j ' 1 ^jt ^Lc ^J'C mi \ j laAJI I j ... 1 ^yZLj 1 jlj^ua^l )) 

4-ulj ..VI jl < .iVI CjLlLsjlII ,j-a ^_oiJ! I j-A ^Ir j I laj La SjLcj 

3_i a itA «Uj transmission of propeties (_^aSI i^ajJI Jii inheritance «5jIjjJI » 

■ ^1 ;U.^iVI *L^jd! ^ak. 4iJLi 

Heuristics aIAm*HI 

( _ ;r lll (JjI 1 n U I 'U . ^Vl s L^jJI jjslj-J 4_uLuJI 3 a 1 nil JjLajj 
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i^Uhjalll sis ill OjjjjUuUI p^alaaJIg iil Wui 

^Ij d-t^U! j_uL JjlaJI (^1 / 5) jl^.VI ^1 *L*UV! <>a (jij 
( _ ;r lJI j_L»J! L?"*-^! J^f-^"' Ct^ " ^ 3"'"^*^ " J-^iJ • (jl i <<i V 

^^>.j «Lj_jj-La ijr l! j ^ -l aT l U Cl^aJI a I ijr 5 4_i-aj-il! ^LojI £_a 4_*iJ^La jJljj 
■ i.i inL-La Ci^j uixll J->JI cr'j'" 3-2-jj_LaJI Jj^sjJ j*^- 3JL>- 

*L£jJI j_a!j_i (j-c-Us 4_ljl-ljjjJ! CjVjLui! J-so (jyJ-ll J^'j-^' ^-"^ * ' *"-6^J 

I ;U , ^Vl s L^jJI j-alj-i i aLi^a ^1 symbolic integration (_gj_ajJ! J-aLdJI 
- La j t 2 ^ 1 1 , ,. tl 3_2_jjJ a J| |-,| ,~„'cf | (Ja- S-SjjJa ^Ir i>.jLij£.V 

*L£j_U L-Laj> VL*_a jjj_L_<iJI l_tJ<J J-aljJ J< uUJ .J_aLSLlJ! 3 j I q r 

4-lSLa^9 4i2j J i ea^l JUJLxjJ 3_3j|jj<_a 4-3-jjJa Jl>- V 4jV w c I lLa ■ ai\ 

cjVL*1>.V! jjlc (j! La^Jjl : (> j j i ill till t-i uJI jjj <j-a 5_ujla 3JL>.j_a 
• I j .ilc J-aL^ search o^e-j I ^ j ♦ " J j t" i uj =L>.jjJ Ijl>. j^j^ SjSLoJU 

4_j_Lc ; j U M t Jjl^tl ,_£j_<_u <-3jj<j V l_Lj T j^i-VI <■ u-mllj 

jl i^lj J's uU «U (j^jJLa Ij i njt p^-iV Lai p j » La 3 CjL^j_>>j 3j^-U Q^j£.^UI 

«L^jJLi sj* ; j j ~. , ,. 1 1 .j^ » i jlsj . <t_Lc ^Li^a^l V p g j a 

i^l 2 c I Laj i >LcjVI i^^-jjjiijjj p j I "J'^** I tla i a VI 

>LcjVI I jut I Laa. Cjjj JU5j . JLl><-!I ^jjl i ujVI i_i£.^UI ^j" i .1 a ^1 Jjj^s^i! 
^__j_a^>. 4_aj^—A 3jLLa_LI ^ 'J La uJI ^_alj-i i(l985) ^jVI ^__j_La_Io_uJj *c>^3 

Knowledge Representation ^mmM 

^J-u-aj)) L#J (j I i _ ;r 3 g I ' ^^^1 ^_a1j»j ^ C I lLaj *L^jJI ^_alj-j L_ilJLiJtJ 

3 JX.L2JI ^L«JI (j r-ij-V i" i "l l J-aljJ Jj>.| ^ J^ r" i . i j jJi3 . ljj-aj 

: IjjjiiiVLi q^j^X\ 3JL>. 
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(jLa i^jjj^sj ^jl i^ac ^VLi j » uut) i4_JLc (jiajjJk! Sj!jj>. *L>.j.J<JluL^ 

4jlL jj-ujJj ^JjuUI ^ iLaJI LujlI i _ ? J] Lo * J J^' <Lat]jj jLst_ilj ^jls^j 

(j_a Q^'C J i .1 3JL>J! OJLA (jr^J • ^ fl.'.' ' ""' O' (J-*-^ 5 ^ C^-" (j^olj^oVI lLIIjj 

«4-l£jJlxJ! 5j La-All " 3_3jjt_a (j_o ^J-JI Ij-A (_£jj-»J V ^^JJ-JI 
(j-u ^LjJI (_Liga.dJI ^ c ^ ilaj ^L^jJI ^Lu JjJ-k 3 Jri- 4 - 1 r*-Al (J-^J 

jjii . 4ijjtl.l a'jJt ^jij-" 1 iu (_pJ! mechanism 4jJLkJ.I p Lajj 4ijj>J.! 3 JlcUs 
-«La_aj_jJI £\_i_Li e-iHSLj Lo La! 1 2 ^ j j a " L^jjLlaj L^jWjj i4^Us!j 
j ' 4_>JL»_L1 p la 1 <Lc^_aj?e_a j J a • aa sej 1 1 < ■* t aa * ^jJI 

(Jjs-lj-a ,j_a c(_L>.j_a (_g I (^^J 5JLs- JJLrxJ ^^-Aj i>j_A 5_3jjJ,I ^\jja 

4-La-SjJ I oJl^J « I 1 11 . VLtS JVjGjj/VI (jl-il l5' J^^J-^" 

.Sj-uiJ! tLaiajVL (j^sLiJ! (Jj^aAJI 
(>u ^,7-3 'M (_LuaAll tiilj j^s-I VLlo Jjljtl!! J-alj-J Jjuj 

4j^iill Ji£.l jil! Luk J 1 aAll I jut ojSLjj i^oLjj-Jlj 4ijjJ.! SjLcLa 

(j-o (jL^ lit I a- 1 « ■ La < I II JlX.1 j 2 II ^1 ^a^-jJLi-jj^j (jl (jSLxj (_£ j-!t 
. V j»t JLclj SJI BjJt 2 La 1 -I 4jJI L^JL>.jl pjj SjLajv ^1 (l)^- <> -'•' 
tjL^ l_4-a «L_>JLjlL1 p La 1 d I ' a a * rt 4j^oJlLII JlcI^o^JI p-J j^jL-oJI 

^_aLij-ill j-ujlj ' ' I Laj * tjL^ tiU!i ^j^/ JlcI ^illl i> JLA t _J_i Jjljj j-j^Laj 4_i j« 4 _ ? JI 
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i^Uhjalll sis ill OjjjjUuUI p^alaaJIg iil Wui 



Jj^jjjJI (jlr L^jjJlS I ila i all tL^jJI j-alj-J 3_*jljJI 3 n i nil Jii-ajJ 

3^>.L>JI ojsj 3_aj^L!l cjLiLuJI y-<t>- j-^jj ^jlc 3JL>. ( _ ;r lo- (J5I . ..tl (_L-»J 

J_JL=lJI £jLu ojSj V <_JaJI ^ liili vIiJlxjj . jl>2JI jUcjV 

t>J-&i • . ■ j • ta II ^-j-la-j i j 1 tv< iVI ^ ^ <i i n" V (_^ajj_tl 3JL>.j 3j_&L>- 

^JJ j ta t^a-jj Jl_l^LjJLi L^-La Jjii" i nj i n (_yJ-ll (JjJLxjJI JjLij jLtaHil 3JL>JI 

a « J ( _ ;r i I g-lia-j. JLaIo.1 £-a hi j_i^> Jja I L$ja£ J I i3ji£jjs J-i^ 
i3_aj^L!l CjLjLiaJI £-J-aj>- <— — > L_i^. £-a cLjLsjlII LuLo. ^jjs CjIjIjJs JLalLi La 
LiLo~I CjLiLj-lII (_>^utj t_jLxC. Q^Sjj . LojLs jljJill i Ia3» (Jl I JI-^J (jJlllljJ 
<-SjJLJ V ^jJI £j-Jj_iJI dJJj JLlaj . L^aij 5JT 1 uXI 2»j;l^' 3^t_0j 

JlSj ^ la 3eJ JL3 CjIjjJl2j ^1 (Jj^jjjj ^1 O" 3 cH"" <J'j_9^' L^i-*-" 

Conflicting Data irijUtftl uLlLJI 

JjsUiII (^lc LgjjjLS ^ycl '-U.^Vt sL^jdl £-al>J 3 1 ,ialjJI 3 n 1 ,ill La! 

d , a a I ; ", 1 1 CjLjLj-lII d j <i 1 m La IjL&j 1 Lubju I j t^ajLJ ^iiSLu A3 CjLiLu *_a 
lilli ^.Usjjj . c Ltaj. V I (j^utj L^jjjIij (jjJI CjLiLuJI lLIJj 4Jal 1 .1 m L^j ( _ ;r uuj 
La-Li-i 1 d",l^^\l ^ (jSLaj CjJL>. ^ 1 I (J^ j^J^ t^M'x (^LlII JLlU 
10 + ,j_a j»L3j^l ^-jljJljj .=LL=e_ua ^Jl^i (^JLc OJ^Ls ^Lal (OjJI JjJ 
^__ijt_t-a j-lC (j^jLoJI ^jl ^j-uljj) IO- 4jr JI i(l_al_a-i to ^j^jLall ^jl 4j3 _uuj) 

. (JjtAJLi Ltajv ji^ «_i j 1 (jl (j^-ll-><JI LlK ( _ ;r a . (3j_tLi 

(5+) ^ jL^, 1^1 - I 
(3-) j jL^ M lil 

(10+) ^ jL^ j \'4 -2 

(10-) £ jL^S t_J lij 

(jul jia .(ji^aLu J^j-jj ^ lij^*"' ( ' ) o- 3 L'J^ 1 '"~ ^1 , U \l \ 

j-lc jj-* tl)^- 1 ^-^i- 1 I ^ J^-* ^-)J^>« (^L- 1 '.fiL»_ua1j jjVjCLt-uVI 
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(ja^Lij (jl**H<tjLaLLa (jLljjij (I) ^£ (jLiajLaJI J!i_a_ij .* ) Jjlj «GjjL>. J-oIL^JL 1 

l_Ua-3l_Lj ifJI i iti (j^Ij .i_SaJl_a j^c Jl>.Ij ojsj ( _ ;r 3 I 1 gjj i (ji l_L>.l"i i"i i u\ 

jjjJiiLi. (j-Oa_)LaJ1 Jl3*I (jl Lai i^JJjUuui^U JL>.| t^j-LJJ «U (j_u_jjj 4jr ^ LsfcJj-i-£3 

JLjc_a Jl^o La 4_<-aj_Li jl LLa^ ~n jl .". c VI (_j_3 ji. Lj j«J 4jV Luj ' LaLaj 
SJaj.^1 II I taa. ijJLijt (jl j«-&^M J-Aj (^LJI j j ■ ■■ agJI Lai i(jajL2JI JjjxIaJ 
(jlr *LojVLi I jl ar ^j^al ~tl | jjt J^cjj -J^J ^oJ i_J jl I (j-UJL>JI JL>.| (jl i^l 
. j-aLjjJL S^jjlU .5 1 (jt^ W £-a (ji^aLuj V (_g jJI QajLaJI 

The ability to learn (ftfaiJl d jjAJ I 

^ L^jJL) p 1 n**<t1 i-d jl 1 nil j-ul_»_a JL>. t «s 1 VI ^j_a p U"il1 (^^Lc SjJl^JI )) Jii-a_l 
(jl t_4j*jj .4iiLcaJI e. Ltaj. 2 1 (j-a fl 'I A* , ,.VI sLa_uj s l.jVI (j^ , n->o ^1 (_gjjjj 
j mi 1 II (j_a LjjU>-J U LaLaj Oj-j^l JLaj jLjJlil I JJt I jj Lul LlA (JL2j 

SjJl^JLj 4SLHI aJJt lLujjjj . *L£ji Ijjjjjlj (jl (jSLa-i (j-a-a Jjla JJi£. i^j-<-u 

J ir~ia.lJlj LjLiaillj aLuSiVI (JiiLilII i_alj i^i" ( ..I 2^ I U*. , u tj ^<JL»jJI (jlr 

JLtc_j^ •<Lj-i ul_m J-J-C ClLaj I » U l\ » j" ( nlj Cjl_LaajsJ(JI ^1 CjLuj^>JI (j-a 
^jJjJI CjVL>JI J-jJl^o (j-3 5_ij < 1^1 ^ I ;U ,^VI s ^jJ| jak: ^ (jaio-LJI 

Lt£ . jo_LajilII I Jj' a ~ 1 aJ V (^yjJI Jl 33-VI i-illjjlj Ij-jLj. I J j ' a jo-LajuJI (jjSLj 
JjLa-j-JI (ja^-J (_g jJI 3^ ■! 1 JjJ-><-' 4-lj« ir-ltl (j-a jJ-aJI (J-»iAj (jjJiJtJ 

SjjJa (^ w c I Lla-i oVI «.L^jiJI ^ILs-Lj J^>-jj . La-jT 1^1 <>jLUI (^ analogy 

(jl dilj iSjLiiJ 42j^j 3K uta S-u^LUI oLaoJjII jIjjI.j/1 (^Ic (jLcujVI 

( _ ;r jk SjiJjLC (_pslj^.l ( _ ;r 3 I Jjiia sQi«j>. (_ylllj tL. 1 1 uLaJU 4ljL^JI Cjlj-uiil qjz 

S-JLSLj/VI j . »l j uiVI (jl j i u '1 ^jlc (j-Lc jjLa-^LuijVI Ji«JI L^>Litj-4j| 
(jlj 1 uIll (^JLc (jLujVI (ji (^ (^cl ;U .^.Vl t L^jJI ^La! So. Ul l 
(jl j 1 uj fj\c j^La (jl 1 .iiVLa . p U~ 1 1 SJLjL^JI SjjLill ^ j La »~ (jjJI jLjjLallJLi 

-La-iJa jQ_At ^a_A La ^ I c j-_L^jJliI-4_aL^JI 3j-uSLII J_j_t-£5 LojJ I (^yj-uLu jl 

^ ■ .cL>.L>JI Jut^, J_Lt-£5LfljJI i>JLA ^L>.jHj_oI dt^aJI j--^' ^ilaj 1 *j 

j-ujjjJI (jlr Ij-iLs aIil^. Sj^j^ p U" 1 1 (jlr 3jjl^ 1. . < .iL>JI » Lta£. I 3K uta 
(^j-Hjlj)) 4_aL^JI J-;^. (_^jLfl_>Jlj (( Lfcj^jGj (jt c_t^e_l (^ylll)) 3_aL$J1 ^jLfl_>JI (j^_l 
' ajtjla 4_LajLi fiLt_L»_a jJiiJ cL^>.j (j_a \ ju » t (jl (j5»-aj La (jl . « L&1 uixJ (jl (j5»-aj 
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i^Uhjalll sis ill OjjjjUuUI p^alaaJIg iil Wui 



(jl p I «" II u I c 4_LiLgJI (jLuu'iM Sjja jju^ui <Laji>J! ( _ ;r 3 jJt (jLcuj^l ( _ ;r 3 
Lt - L a rv L^Jj^tJ Vju JplJL^JI ^-3J?e-a (_£jjua t _^ i a^iJ>-**( i nl 3j JuLlI 

V «.L£jJI (jl . q\ i ii t^Ll 2 ^ J^*^ Sjill (Ja! _o£. (j-a SjUs-lj ( _ ;r gJ Sj^l jJI (JT £ 

(j_a liU!} (jV Ij—LJ*. <((JIJ_ijJ t jjJ UtJtJi)) 4_UtJ 4_<_ujl_4-3 (jj^Lc SjjJLlI Ijul (jj-tJLJ 

jL*jLl 4jjJL) (jl JLJj-l Laj ii.ii iiL>J1 \{jy n"^J (jl <j^-3f *~" 3 'j'V*' (J-3-*-"' 

4Jja-(_g j i ojj ! jut j . 4ijjtll jjlj_L>.! jjfc j-laiULi * L^ jJI (jl ^Jt [jjt 
jlsj .database oLil j j tl jlcIjJs j-alj_u w <- I ;U,^VI 4 L^jJI s Lalc ^Lai^l 

LjJL>. 5-a JLa-" i ii U (jy-i^Jlj J-aLU! j J "" a (jj£jJLJ CjLajUU »l fllf IjJ 
3_lIVjCLuuV! cljljjiijl JLio^ L_»JL=>~ uj j r"'^J ^^i^' JLclj^S 4jJLtaj s Lu 

Ld_Lj^fc_a 1 j 36 1 J SC M (^yCLtlaj gaVI ^L^jJI OJ>-L) (jl jj * . p^jre^aljj 

<Lobieji <L2jjJaj CjLiLjjJI (jj^=J < — 1 '^tH^' ^^'j^ *Lu Lajj£. 
4-j_2-La_Lt I CjLs^LkJ! (j ii < .ii (-;r ^- CjLjI j jlt 4 1 1 aJ (^-ijJ Oijjaj 4j| j-yj 



•.(^LlJI Jl j i .ill (j^J (jX.Ulaj oal «.L^jJI ( _ ; ^o-Li (j-u JjLsJI ,jjs 

(jLtaj^l I j « jjj (_^<JI =L2jjJaJI w ^ I lla i a i \ tL^jJI ^aljj (_^L>«j (jl t_4j*J (Jj* 
2 jl j til (^ ^aLjjjJI Jj^sjjj ULLi ja^j V 2_2jjJaJI (jl ^1 S (JSI i nU (Ja. (^ 

cLjjiiS (j^a cUa£^a (Jl J ' I JLA (jj^, (jL^aJ^I 3_iL>.| ^j( j % ,",tj 
J i " i"i I I aj Lc (jr jj/L<j/Vl Lt^JLA jjt La .(^LlII JIJjjJLi I j '"• j-iJU iX>*"' 
<_ . i .iLjJI (j^s 3 'I flj • uVI j»l (jjl i n'tVI *KjJI p j'a jjk Jjk I lla^aVI «L^jJLi 
(J1J i ii 1 1 (j^ (Jj^l (3 uJI jLlit_) (j^i (jl ^-ual^aJI (j^J SdlLa^Wl.1 cL>JLua 
ti^t_tJI ^ a - J **m i . (^jjlilll (Jl j i nil (jja (Jj^l (3 '""^ ^ ' ^ j ' jl'^J ' 'i (Jj^l 
. LjLUaill i>Juk (j^s iUiaj^j (_gj^ (J*C i"i_i (_y^Lttaj oVI *L^jJI pJLc 4j ^a-2j (^jJI 
Jjjj dU j) (jSLJj 1 1 J-iJ^t (_gj^j_U3 Joj_<I/ La ^ jl i c SL^L^ta (ji I JJt, (j-uy 

. L^jLlIT (J-li^jLoj sLj/ljj) (_5i^. Lujjja (j^s jl^qJLj 

ljr uA-u^\ i_3JL^JI (^1 5j lajJI ( _ ;r 3 i_3^Lo.^L! I itn^ (j^ p j aj VI i_4J*jj 
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t_4j*j aUtl ill La jut p^ £^>-j julilLa . LgJ jjLi V (jla «3jjiia 

cLa_jLa j_aLiil aJJt (jl jiiQl! (j-o J-J^J C"^' jtl J-Al_La -SJ^*J o' 

. 3 ifL-al in It f.\ j^/l StLo^ (Jj^ 3 oA i .I 3_ujJLc ^ .1 1 ..I ^Ir 

(Jlj i .I II j-j-j-j L«-a (^Ljii^l dL^jJI p j *i « ' "II i^lSjLjJI SjJLUI ( _ ;r a 
V Li! j_o ^1 i ii 'i^l 1 1 .1 II 3L£L=e-a ^ ,_Lalj (j! Ill i '<lj£ 

uu II i_3^Li>.Li ' aJljeJ i-djl i nil I jut (jl Li^ljjJ £-aj J-*-*^ C"*"" 42jjiaJI 

(__,_3 (jjjLlJI I ^ < m V (_5j.II o 1 ^*. 1 c^-^ t -^>*- 1 o' I ' <j 

j k"la .CjVLjJl>.VI ^j^*.' ^1 » jj 1 ill (j^Lc Ij-A LijLcLvujj iL-ialjll (j-a JLjJjlII 
3«ljja ^Lijej V Liil ^e-Jal ^11 (j-a .(i3_ul 1 ujVI 3JlLII p 3J| 1 na (__,_!! ^LS_a 
(jl LlJ (j^La_l (^-j-JLjJLjj . I tJajq p ^ * (__r^-I ^ilj-* SjLC La 3jLt£. ^1 a < n ^fll 

V 4jLi (_g^iill (_)-aJjl (jlr ^UaVI jljivJ (__,lr JlaIhj j-al_jj_i (_gl (_,lr p£Lxj 

V l_Lil Liia-it ^ ^o-JI (j-a J • A-J^-i-LI I 4_lUijlLI (^^ ^oJ ^£Lu_oJI ^Jsl ^aJI (j^. ^-JJt-i 
(^VjJI (Jjljtlll (^^ pJ *^jl <_ll^jC J?l SjjcjI/ «LiaJ La cLLt>. p^ lj*-J-l 
3JLa->JI t_>!jjcl (_ 3 jjiaX. (jl (_j.II (JjVjJI (J£ J J uuj • LaLlkjs (__,JI J ■ aj (^ LjjJ 
(_^oJLUI (J- LLr tt T jl ^_alj-j (jLs (^yJLxJLlJ i(jLlaj^LlLaj (jl_La_uj-a I frjlx i j J ■ --^"j 
(jlJjLjfc (j1_i J 1 a a II ^ I c 1 " 1 J a-Lc I (_ 3 _lIIj iSj-o.^/1 SjJuill (^ CjjLu ( _ T lII 
(jV (j\-u.Lg.<J I (j-u ■ L^jlj 4ii!l p^3 (__ r 3 USjJa (jc j-iJ>J V (j-Cu.La.<JI 

. (jl 1 iuVI J« flj La^ (jdj.La-<JI ^Lajl (jx. 3j*jsjuJI (^ J^j 1 .il (jL£ dilj 

t_!jLa_iJI j-iLuj Introspection (jl U ,", , „\l t ,jSLaj «bLa j^i-I s-^W - O^J 
(j£_aj L*c £ l-a-i3 CjLaj U <i < LjjLaj (jl jlj^Vl (__r^Lc (j-ai-JI »l n If IjJjjjcj (__ t JiJI 
^j^c_i (jl (j£La_i CjL>.1"1 u 1 ill (_^t (j^-J '^jj'-' 4_i 1 1^ flj se * (jt (^j-iL-uj^/l (J^jlLI 
^-al 1 11 II jl |_£jLZ_U CjLkuS^j lS^J a 1 » \ jl Ij-2j Lx-a (__,jLjLjVI (_Li«JI l-^j 
i>J_A (_jJLa ^_jLLi (j-^-J <La_uj 3^^Lc (_ ;? _Li_(j Ot^a 3 1 1^ a. (j-^-Lu Ljjjtj Sj^Jj 

.SjJVjCIojVI oLjiajJI tfjufc (^Uo (__,!!! ^aljJIj (_!jL*jlII 

(j-C I J SI ' I (j\ 1 11 -sj (__, If (jX.Uiaj oVI >L^jJI J-aljJ Sjjl^ (jLfl lj_o-lj 
4_ajLj^-**( i n U ^L^-aj-jJI p la ) 3_a^^La (_^Jua (^j^Lc JLp* j-lm ^J_a pltgJI (JjjJa 
(^ ^alj^JI tfjut J iSib (jl La£ .(jL^jVI (JjJ S-JVjuVuVI cliLiajJI SL^UJ, 
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i^Uhjalll sis ill OjjjjUuUI pjalaollg iil Wui 



4_]j^?e^J| L^Lgaj- Jj pj LLLLi S-jjJiaJjl d a t aaj p_lL_uHJ! j 0" 1 n 1 4^j1jlJ1 ijr 3 £-ft~& 

pJLc I usj-Lia a- j ^j_L*J! (j_a j-jj^ (_yC.llIaj aVI *L£jJ! j-jjLj Ju-4-ij 
*L£jJI --'I Jj ta cU* 1^1 jl j~i -^V J-a'j-J 3_iL£ (j-a JjV sbV l_<-<-uL>JI 

interactive 2 j I c I 13 0^3 J-^J-^' aJ-& (jV lj lajj I ;U,^VI 

SjLj^ ^1 Sj>-L>JI (ji L»£ .3jlr Lij 4j*^j_i cjL«J jjj^" llL! j p-&Lu/ ) 

(jr^- J-ii^ JtH'-^ ^ J^-^^' J-i^J J->^ J^*-^'j jjtv.lt SJjLa j_a!j_i 
La * 1 1 pJLc jj_o 5 ^ aj mXl jj-ujij J-11 c1)JlcLj_u JL9j . ^Lc ^JK i"i \ «L?e-aj-iI1 4_L?e^_La 

3Ja-Sj J'C mi Lxjs tS-JVj" i ..VI cjLlUjlII formalization 43jj jjjlaj (^^Lc 
sUJLtj (^cl :U .^.Vt *L£jJ! »Ulr SJa^Lc (jl U£ ioLlUjlII tfjufc JjiAlI <Ljl Jj 
i LjLUaJi)! {_ya fj£ p^^Lli.! pijJLi 4_uLcujVI 4iil! p 4jjJj_U3 dJtUI 

, ^ ? ,IUjj, ,1 ,^^SJIj^„A;tl 4 L1*j iZjLs^Lc ;U,^VI f L£jJ! ^UJjLltjf U£ 

«L£jJ! (jl-J (Ji-tjtiJ! i '^(j-Jjj-J OujJ>.jLa dJjLu JL3J 2 A , ..lAtlj -- 1 ■ Vl 

3_ajLa 2 j <i it? (^yclllaj oVI «.L£jJ! plr 3 . u-iSj cjVL*-o Sj^Lj i. , , .ri'C" 
3-j-jl i iuVI 3_ii!l p j'a interpreting images, CjLujJ.! jj ■ nij '• lJ -it>$ ^LjVI ojut 
i(cj|_LjjJk! j j i qjj) (Jj^l ^jjJsjl! ^Llrsj ■ p U"ll (Jj-^J '^hh 1 ^' iLaJaj^/lj 
! j_A J-aJJ iS-^LiJ! d *■ j -> j ^ j 4^jJa 4J 43ljj <d Jj_flj jjf ^yJI 

^ -i " j 1 1 «!j_2J! j^>.j_jj iujLjSLI! Iju* i_iJJ_a ^ ^1 . ^"-^ I (jjLLu ^jL>- 
t-jLlSJI Ijut ,j_a JjVl oil!! JjLuj / l3 ^!j_i /\ ^1 ^j i>ijll 

^l_j_2_LI cL>.L>J| (Jjj- ^lil! tiJiJ! JJJJ La-iiJ isLuLxju'^I 4JLLI I ^ j < a a 

JjLjj/jJ! I— LJjJ j_3jjj (^LlILlj 3_3jj_tt jjs p j At 4_^>.|"iri t nVI CjLJLjjiJLi 
j_Aj Sj j j -»J 1 4-a-Ia iVI J liJliUI «j-><-!l Lai i3-3j-«Jl! JjILajJ 

(^paj-t-u-uj . Cj Laj La U d J * 5j Sjjj ^Jijjj 4jLo_j_LLaj (_^-tC ^j_Usj_a 
CjJLa-" i i ii La^ 11- < i iiL>JI i ii o i p_lLl1!I ^yjs 3j_j_>J! j"*^ I i eajl 
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tJ cl..k.oUI 

3j_ta_i_i t_iLlSLII ^Cijie-iJ ijlSLa^M aJJt ^jjIsjjJ 4JiLo^/l (jjs JljJLkJ! ^jJajJLmj 
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(jJjJLij 3jJL»_a^ 4-lLmXI J^>~ ' " ' I j la ». (j^^j lLuj- 4jJLlL5jJI t u-uLj>JI i_3^L>- ( I) 

4-uL<-u->JI CIjLLulJI ,*l£jJI (jja IjJ^ (_J tajJ L-ij-ub-J! 2 U ,V.T ^wj^ £)f Jj-5J1 *^jU" ,,.*> (2) 

t*l5jJI ^j-A (jL-uJ^I t j-a t tiiajJ ^L-3j^ 3jLc ■ La i "j" jej i nlj * ij-us^ U*° 

4-£jj-a-aj 4-jg_iJalj Cjlj_La_>. L^J £)f ^t- I '.U , ^Vl ft l^jJ| 1_£j>JL*j j^hJI 3 La cojVl tJfUJ L^_Lu Jj^-dJ' 

. (pjv^llj) . 4_Jj ,J_t^3jjj La j-^j-pi jl ^j-^ ^tlaj i uJ (jl (jj- 1 e^l (J^ - ^ c-i-i-uLj-JI \ $ » jjj 

^Oil oVLCl-^VI jjlc (jf o-UJtl j ti^-tUiVI ^U.^U j O 1 ^ 1 j-^ JjL^UV! Ua JjL*: (3) 

- L^-J-2 jJajJ I L^-iljt-U-i -I (jric (jjJ^f' t_Lj-uL>JI^ jL-uj^M 3j_L3 j-liSL] j-j^ I I j p3 j ta ill 

.(^>4I) 

^jJL t4S^»> (j-uLaj j^jJIjjv jL>-ljJI J^J-J' g 'j *Q H £-1^-3 djL^^p*. CjI^)-^ jjLc . U. . ..j" a (^) 

jjlc (jl I jjt (jyl^jj <3 »m Js 4_i2 dJj_»jj (jt (j5L<u LiLsol llILLaj i4^j*. (j-uujU J£ 

t^f (3 (j^t 10) = 40 ^1(10^! 2) = 80^1(5 2) = 80^1 30 juJ^Jl jjjJI ^CiVUl^VI 

. 120 fjj 10-40 

(5) Polya, G. (1954), How to solve it, a new aspect of math, ematical method. Princeton, Princeton 
University Press. 

(6) Dreyfus H L.(1972)What computers can't do: a critique of artificial reason New York Hater & Row 
' '"j '~i'~J *\' Ltlu-tJ j^-*-"-^ L^Cjjiej pJ j^jjJI 4_jjL-ujVI CjUlUI ^Jb <LL«-talaJl CjUlIJI (7) 

diLiJ (j-Aj JlJ^I J " lH^-V-" ajLaeJlxiiJ ^^jJI 4j=_ajmJ! CliLiJ ^,-4 LujJI u-^bJI CliLiJ (8) 

. (A3*pXI)dircctory, if.. ...then, save, type, print t JiLa 4^)_iL>oVI SLiiJI £yt 4^jJLq cijLiK oLiJJI 

(10) Winograd, T. (1972), Understanding natural language, Edinburgh, Edinburgh University Press. 

(1 1) Boden, M.. (1977), Artificial intelligence and natural man, New York, Basic Books. 

(12) Brady, M. (1983-), Computational approach to image understanding' 1 , ACM Computing surveys. 
Vol. 14, pp. 3-71. 

(13) Pratt, W. (1978), Digital image processing. New York, Wiley. 
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i_i_Llie_a J i^-ij-j ^^1 Jj.a_aj| ljut <_SJl£j 
CjUUI Ojo ^jJ^jj (j! (jSL«j (_7jJI * <Lta i"i iVl 

J-cLAj j SjLc j I uij La jjkj utilitarian activity 
man machine interaction (MMI) SJVI £_a (jUujV' 
ifjj 1 i ,i II p j a J£l ui hi Jal ui i II IJljIi 0 r-i"i-^j Vj 

(jLuuVI JU^ijV! (_L^Ljii_4j LxjJj i^j-il i .I tVI 

tljlJLLII (^Jl La i-JjJal 3-i-L JJJU JUaJjVI 

SjUiiej d ta jjj 1 1 CjLill! >_JJj di! jj ^^Jju . 3_ia.uJaJI 

a j in'^-aJij 3_jj_._L.oVl oLiiiK (jLujVl a_-L__j 

Ij^u_.VIj 

(2) 

aJJt J!_a j ni\ 
LA*] I a_a_a j_JI i__L*] *Lb^_£ j_jj .ajVl i-u-uLs^l 

^—alj-aJI p_>.j-I_a d 1^ ■ ..lj j LujJI L 1 1 nL>J1 4_*] ijr JI 

Vj ,_L_>_iVI ! j-_> _-Jj^l 3^___>JI ^...-compiler 
(___£. j 1 ,1 jf i> j__> L_lL«JI 3_5__aj_j_t! i__l_i_! j! L-l ui 
CjLLI ___]_■ J___J _4_f VI .(J-t-'JIj JU.Cm.VI 
L_il l_L_> Lg^J-l _jj _--JI 4-JK uiVlj 3 j_: I lla __>! 
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tJ cljk.oUI »ISUI 



CjIjlI w£JL>.1 p U**t 1 jU.Vii jjl tJJJLlJ «Ljjlj_lL3 4i-LiaQJ 4-JVI £_a jjLstlu (jl _}oj 
La fiLajs-jHj La 4jLjjJi3 JL>o (jl 1 nlr (j^jLLl i_SJL^J1 J^-jiLseltla .fiLre-oj-il! 

-4_j^jJaJ| JLioVI 1 " ' I La se a 4 La ■ ul ^J-tLutjalaJI sQilj 1- < 1 »L>JI JLa-"i 1 .1 a 4li. Ja 

A^Zj . ..VI ^1 ^Lbtj La IjjiSLa . <U 3jU=Ix^V! j 4 a j a 3J>U (jSUj JSLi ^1 

^1 5^La ^Ltie-1 jJifl il. i i uLa-JL CjLajUU SjLcLa ^1 £^aj>-jJLl La 
Sj-Ac j>c JUj_j La3 

£)J jJI J (j-u -ilj^Vl 43j»*_a JUjj Lu? 5JjUI! cr^J (1 000 < (j-uS 

£JL& (_j£LtIo . 4_j_l>- l_3^T Gj-HlC £^jC JlJ^_i Lj^Jluj Luj-a 

I (j^a dJLJLuj aLiSU dJ>U i^U-lL^ 

jjjj (jj-^J' . , .. A" , ,,\l 1 £j|_Ju £ JIJjjJI I JL&J . L$J ^LuLlI 

^j^a <JI J i n 11 1 J_A (JiLa i _J_ja_>uj . L$_La CjLaal*-a ^1j^t-**i t ul l_SJl$j Cj Laj LtX I 
aJlcLSJ (JjJLaj 4J (jj^J J*\ i~u MJ 5-ul i ujVI 4ii!Li 2 j»jjt^H 4jjjj^3 

j a mi (jl ciljjG CjLa^Wtl 3jl£,L9 (jl ^j'-^J**'^ j 1 1 uL>JL) CjLaaJ-JtJLl 

jjx p J ' 'J* ' * > (j.M Ij J/\_iJi^aJ,1 < tjljj-i (jj o**' j rt Lulj i ^ a 

ja^jjljlj JlJ^J jjJ j-I! (jl^JiaJkl Qajia^a (j^ej-^i^i 4^JLi-(Jj i ^Lila ja^JLilal 

(jL_aj^/l ( j£.Laj JLi^a 4_aL& Cjlj^iaj J-^oj-i (jl LJj 1 1 Hjjin JjLplI p^iitl 

.S-ajLaJt LliljJLuJI ^ 3JVI j^a 
4 j n i iiL^/ La jjt « I CjLtill Otr>o J-u d ta > S J\ (jyjLij 

La 3jLi£. OuL^ I jl La jjt Lufc ^ i "j'lj-ll (J I Jj-oJIj . (j 5 La * 1 1 J I MjaJLLII Jgl Miitl 
»l air • £ ^!- a 3T!^' *'-i- :>, ^' Lr^ ^Lt£ L^Jj^ (jSLajj LjaJiJ 4j>-jt tr> 
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j ijlgnll uasj 



jJ^_lj (jj-^tt (J-a->*Jtj CjIjLulJI ^Lat « * » «Lajo £-*-aj l) JLH - * 5 

La ! jut (J!l«jj iCjIjLlkJIj _Jju»JI ajjt 3-iljJLtl (j^. (JjLuull (<u '^s-#-t 
jjj la U La£ .Le galistic aspect (^jjjLaJI i_uL>JI 4 Ac jIU'. j| ,jSLaj 
i«LL-aljl!l J? 4_t3jj>II I ^fljliajJ jl (_gf jjj N 3j i u a LLi£ L&jLpcL] 4iill 
(.^-Lc J^l i^jJI (l? ^ ' " a J (*J-^) "j-* j-kaitl c *-^>' Lri^ii^' JLH' 

ij\ i .1 Wl 4_*jiejj 't-Ij-Sj (j? (j^Lxj Lo (ji_i uS' ^sl-i^lj 3«.LiSLI! j^'-*-^' 

(_^ajLua_>J1 fiU_o1j^ (j£La_l 4j1 i ,i a^ uiJ Jl5j * *J . ^LjlS fiU^JL) Lo (j-UJ ' Wj"^- 1 
^IjLir'.nVI L$J fuJ (_pJ! S-iAjSLJI C^i £3^>" UJ- 5 ^iiJ 3jK uillj SLlUsLjjJI 

(j-jjJI siLj-iAll »l a Ir i>L><j!j i>L><jV! Ijla (ji_i ^-^Ln^j-'iS oj'-^j 

jj_aj_JI al jaSLjo (_yitl 3-jjj-i^iII JLcljill ^ qJaj Li (_gl ■ ^jj i a II ^e-LlLi 

JjjLr>o ^1 i .1 aj uij (jini jlsj .arrangements of basic symbols 5 j > ..LcuVI 
I j «j Sjijjcjs <tc jAJe-a^ universal grammar ^4_<iSLtl *UcjVl ^a^La 

_JSL1 ( __)-ajl_t-a_>J1j (j u < n^l (j^J (_y^t1 ^aJillj JajjJkllj (j-ul ^Jill (j-a ^ I La *^ 
iJllSax!! 3Jl!Li L^jjo^j^^t sbtj^l jl (j'n i ..aj uiJ j-Sjj . 5-ul i .i'tVI CjUltl 
-3-iKJI sLsj^/l ^i-4-aUJ! (^jLdl (jj> (jjdJijj (jjjJI J mi J It L^aJjtJ (jSLaj Vj 

^jJj-juJ I jL^>JI (j-a Uj^>- innate SJijijj_a ^ C , ,, ~," Ltj j"h_i (^yltlj 
(_yj.II *LajVI ^_aj (jjiii (jjs _j^a£j (jl (_LiIL><J.I j-^. (j-a 4jla IjL^Jj .(jLcuJ^L! 

.(_Lu>Jlj CjIjLiaJI (JjIso (_ t 3 ^Lt3 L^a JLa-"i 1 u t 

(jia^jj it—iLjSLtl Ijut ^JjjI o' (JjLs^Lui lS 1 - 1 -" , d ta ~. iV| tiJLij 

(jJjl^i-3 I n^-lt 4_pcJaj^JI 4j-LlII <jl-J 2 . * I A 01u\h 4^^L«J < La 1 u J I ^cj-tl 

J_a^>JI (j>SLlJ CjI a K tl J-jLxjj cljl a K tl (jj^lil i_3jjjbJJ ^^Vl JjLliJI 
diti (_>uSLc ^yic j . 3JLu»JI a jut 5JVj JjUO ^pJI 4iujjLtl 3_tlJI j-oljLutJI j 
inferential 5_JV->"i 1 ..VI oLlLojJ! jl (_^3 Li* Sjieji! j Laltl 
js^a (jlj i(_>-aj jl 4_La^>- ^1 a 1 11 jl S«.lj^ jj^^aj L*jjj t_4j>Jj processes 

I ^j^HI 

.j_L^a (j_a Lc^ La JSj LjlxSXmJ (_t^' Cj Laj U a 1 1 I * 1 j' a J-jLjJ (jl_o~Vl 

u& (_$jjkjb>JI jjjJLj (j-ujJ sUSLtj 1 Ijjj syntax ^^Ld! t_4j^ljHJ jl j^JJ.1 (jjsj 

: _/ul>. jjj (_yJJ d I a x 1 1 I i 1 j a p ulSj V JLi^LltLi (j^eJJ S-utjuIaJI CjLiitl j<i^3 
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. LgJ LjJVj !>Lj1><j 3_uL\!I ^''""j 'Syntactic tree SjjcJu (jjS^J (_,-JjVI 

j j ■ nil] * i ii ) (_£J-JI Ji_o*^JI ^ J*^ JaJI CjLjlLI! p^AJ jj < aj 1 1 IjLA JlLa ^jl 

JIj>L<l! ^jujl.1 ^!£f (l0 \iIiL5, 

g-L-Lj-^ JaUl (jL£ Li^-LLa <_ajL^JI (j .ijlj i3ji<iLU LaLc j Ate 3 . n -»JI 

I LcJSjJa i njj Jj icGjjJa (_gLi I CjLiUI p J J-aljJ 

• p^-oJI (_^3 L$-ajielj-aj 

3_ul jJI LlILnaf jLp£.VI ^ <jjjL>.I lt jl . njVI Jjj-k e^L^o '-'i*^ 'J- 0 ^ 

d » j i ii 4-utgglaJI CjLiU i a >■ 1 1 j ujLjSJ! (j-a *j^>JI \jJt p ■ u2 Uj 
L^-al Jl?-**k til J^SLx-l I cLu_uL_u^/1 j-uLnll ^j^* 1 (J_t-aji]1 ! JLA j^pajjuj ^Jj ' -^Q 
CjVjLsJJ oJLjJ! J Laa-aJI ' .CjLjlJJ! aJJt Jila «p^3» <A^>-j-S pJajsjJ 

*Ijj>.^ LiLL-u O-a JLy" i ill (_ylll <jj-^'j £ ^"^' £ *-* : ^J-^ (Sj a*U J-^c) (jJj^' 

.Lii nL>JI £_a t^^yjtq-JaJI jl^_>JI ijr II (J^aSLi La * 'jl^-^* 

CjIjLlC J j I t " 1 iZj-f& (jj^l Cr'-J^' J^'j-^" f 'j-" Jj^iAJI (JjLujj 

p laj a ^ jlc 1 formal grammar ^jj i^aJI ^till 4-ajij-" . a 3Jj^iila 
(j^jjjj . JL>J,I I j^t ^ cuJjj^I Sj^jjjJI 3 K m . U Jj^iAJI I jjt < frir-ij 

JjjJa i^jjl^tlll I JLA ijr 3 O-aJc?-" t nl ^^yl-II o'^* ^jmjsiaI] (J-t-ajllI 

,uu iiL>JI (Ji-I-S L$J Jix-i i^j-!l Sj j lqJ I ^1 4lajti! 3jjL«JI Sjij LaJI Jjojo 

cL3^ii>.|j tall I ^^iSLII ^LlLso i_ul ^)^**.' (jjijLcaJI J i adJI ' a ' 
j»l Jlitjjj/V 4_lLjj(JI J^Liill j^jLcoJI (_LuaAJI JjLujj . 3_ijjSUI j ■ a 111 (_LlL>o 
J i^a tl . U | j_Li.!j .(jL^^lj 3-T^l Jjj JL^ajVI ^ 3_.._. ; U1I oLiill 
Jljlj jo_La i4 jj-LjIaJI CjLiill <L>JL«ji =L>. ( _ ;r 3 3j_u£ 4_ujjti Ij lj-J-»J (j-aL\II 

i_^j/L>JI j^JI «b cJi-^l i^jJI J's uJI ,jjs 3JUj>JI Jjo^o 31c.LAJI 3_LUa2JI 
(j-a-LlI p j a i.~i se i i^il Jj . Lal_L«_a (JiLaj internal form (jr L>.l j J*\ ni ^1 
JjJLajJI (JLuaajl Jij JL>. . jljjJI (j^jLiil J^ljJj "lj-»-a (j^s^iisjjj/lj 
( _ y jJI CjL>.I" i" i iiVI LdJjl^j «Li£ CJJjJ i^j-!l J ' (1^ 3 I n-rll ^jj LaJI 
L>JI 4_Iaj_ul^j SgljJLJI aJJb O-a-i gl^ou-u 3glj-SJI gLut L^_jJ1 ^J-t-a^jJI {j^A-i 

. (jL^u^/l j I 



SO 



j ijlgnll uasj 



(<uJ-2j ^ylz. ^jjLS ajLc sULi JjVI J LaAll CjjjljI/ 

t tjl ^ojv ( j-a ' a Lj se rt t l_iLcs_j L$_La ' a3L<j j-uL*»a SJlC aJlSI ^jt iJ? _(_tSLat 

(j< i Cj!j_jJ»J! p W" tl jl ijo-usjil)! (-;r Lc SjJLaJI Jila ^L^jJ! 

(j-a£u jLuiil I JLA Sjjs (j! . cLaj^La 42jj_Laj dJfu-u^l 3jL>.! O"^ ">J J-2JI - I 

liJ-Ij ^i>^ ^ La-^J «4-aJ>La 4jL>.^! < . ■ ^ t— »~ ^ 

!j)La .sLa^^U! (j_a 4 a I " 3e a CjLj-jJ) (j^-a-i 4jLa iLaLaj J)JL»-a 

«5 I i .i ijjj d a i^-i Lc Lajj (_L*» (_,JLlII (JIJjjJI l_L^>.J 
« LjJI La-jl d a ir-iLc Lajj iV» jl (((jjiJjLl Lgj! iV»(j£L!a id-aj^La QaSjdVo 

. 4_a*^La j-iM 

.(_Jjj>.i 4-2jj_Laj LaLlkjs L>.jLiu iCjIjLulII 4^,1 j ir-i 3j)Lcl 3jJ-2JI -2 

U 3-SLa-U jl 4Lj_oJt! jSLlill *LWI (^1 .^ImmVI ^ SjjuUI -3 

. iS^3* ^ I j-jj LkJ. I j LlkJi I I jjt J <i 1 1 

O^Lci Sj^liUI j_uL«II ,_psj_lijj .(Jjjs-V 4JJ ,j-a S-aja-j-iJI ij\c SjjJsJI -4 
O^'j-^l-S o - ^- 3 d-i-*- 4 - 1 (j-ij-^ ^ ^!- 1 ^- 0 ! (J '^i)^?-^' O"^ ' i - L i 3Lja 

,j£U-a jjLs Jsi *LLicl ^a iSJUjsJI djLjjSLa (f^i (^IjuJI j 3 mj i ,itl oLs}L«l! 

J us a d_J^3|_La J_Lc J-K-J (j^- 1 i-3jjj/J . 3jj_aLIiJI 4 J I j II d J a it^/l (jja 

42ji»JI (j-a£j J ulIII I jut cjLuj/I ,jj 4jJ^I 3^>.j_liJ (jyJjVl CjVjLsJLI 

cjL>.l"i'r(( nVLi aLl^JI (j! LLa (j 1 c_t^tj^ . jujl?e_UI ^^ji^. 3j j_SJI * ^jj-^ 

( jjjLU! ^aljj) JLl JL>OJ t^j ga III i _ r 5 o ' eaj rt La a I 1 i^)^- 4 - 1 

LujJiil 4jsIjjJI vZjLiaSLU ^jl .olja uiXI (^lc l^jjuJ! ^^ic 3jJl2JI -5 

j j -i LgaJ cbc j_aj?e_a ^j^-*- ^JLuj_uj La JujZ. CjJc*_j La^ i^jJa 

Alan j-cjjjj o^O >ya *L?jJJ (^_ijjjj)jLpi-V j^>-Ll!! -6 



J I 



^juj-" i n't Llil '.^LlII jLiIi-VI i_gj_JL->o^M cjLlUsLjjJI pJLc Turing 

4_jj3jJaJ! d la >■ 1 1 t l-Sjju jj^e-sj ij^pajX. 4_*foLluj ^_jjLLa <L>. sLlSSj-Ls 4_La^t_a 

1 1 gjt j I jiji V LuSLIj njL^uLi (_fjj>.l LjLo-lj i_ < i nL>JLi LiLo~l Jj^sjj 

aIjus^jz C^jL^ 1 jl La A^jjla (j_«jJ! (j-* ^>-^ ^ JLJ ^J*"' ■ ■' > p-lj i4_j3jJaJ1 d La 1 1 

jl j" ,_jjL9J Sj^. j n~ i n"i (jl LgJ (jSLal 4LlLoJ! j-alj-jj! p la « aj 

w ' iialll i_t-ixlaj I dJ^Lvu ( _^Lr>o Lg-LSi3 (_Ll3 
(j o ' gaLLJ Lq-Lu p^-ill a a b se rt t ul (jr^9^ 4_*_u^j_>J1 j-jjLjlU J^Lujj 
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Lr l5\j 5 j . , . U II CjLiill 4j>JIjl1 iitLkil ii/3txll izSilxjtj Lu» aU.V.Vlj i_MJXI u-i»J (I) 

CjLLI Lai ilfiM I J 1 J ■i" ,_^lJI iiill i la a3 JL>-I jiiall j» Jia-" i LujJI <.,,.iL>JI lil (2) 
. J n i 'Ull ' "'I * I II ^j^a tiiLiJ^a Cjl (iK ^ JLa-~ i n" t (^J I • - 1 ' "ijl (Jj-a) LJud I 4_«j>.^lJI 

.(^>sXI) 

(4)Chomsky, N. (1965), Aspects of the Theory of Syntax. Cambridge, Mass., MIT Press. 

4_l^jjJ,I s-Lqlc performance competence 5^1 aXJI J-ua-jJLj Cr SL.-u-aj- t iLj aXaI (5) 

p_$y_>0 (_j-J-JI JucljJLlI ^3JJ L^jJlAJI C-lJC-JI i_£JL& <j^.iJL»_!^ l^jjlUI ^_^aUI ■ ;JJ ■v j ' 'j-J^ 4j^-U-JI 
JuSj i Lajiala L^TiSLa jjl^ ftljj_u ^aill tJ^Ls* ^j-a ^'jJ' t_£j-ilJI a I jJcTli-uVI 

4_oJj_U ^ SUxiiiiJI 2LIL>JL) ^jtlbj f I U-^SH jujulII 4j <jf £_l^oj ^MSLI! ^ 3 < a =t qj 1 1 ojl^l\ 
^ylJI ^ISL>-^I (jja ^ i ajj competence ^jJ 4jjjlUI SLajjlU jujLjtlij t_£j-*UI clltc-JI i_3jla 

. (a3».jjXI) , La SjLlC l_Laj>- p K", t t I I fl>j, t . 

(6) Winograd, T. ( 1 977). On Some Contested Suppositions of Generative Linguistics about) the Scientific 
Study of Language:, Stanford Artificial Intelligence Laboratory Memorandum, AIM-300. 

ftL^Vl (7) 

(8) Chomsky, N. (1975) Reflections on Lanuguage. New York, Pantheon Books. 

(9) Chomsky, N. (1982), Rules and Representation, in The Behavioral and Brain Sciences. 

(10) Schank, R. C. (1975), Conceptual Information Processing, New York, North, North Holland. 

(1 1) Gofstadter, D. (1977), Godel, Escher, Bach. An Eternal Golden Braid. New York, Basic Books. 

(12) Dresher, B. E., Hornstein, N. (1976) On Some supposed Contributions of Artificial Intelligence to 
the Scientific Study of Language". Cognition 4, pp. 321-398. 
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d it i iVrt\ 

{j-C J«» (j-° «>^-J «4_>JL*_a» d o K ^ JL^-**t i ii l 

dilj J -i ■ ' jj-ojJL> |jK uill (i_4^.^illl ji) i_4j>il! 

Cj!j-j3 JjJUC. * \\ ni"v (Jii-« ^alil . ^.-^ VI ^Jjl"*-"t1 

. ^LS_a ( _ 3 _4j/Luj/ t—iUaa. 4_Ll«_o CjI g K jIj^J 

<_l « III (Jj-k d J SI l*3-3»VI ^ 0J-fl> J'C 

c^KL^SJj^ hU.^ VI 4 KjJI ,>* U>» oUKJL, 

I Jut jL*jl_i I j a i aj <_ u-uJI I JujJj itfjJiLjaj (J-L«-i 

.J if^rttl 

Sjljjj (_y£ CjjjjJi JlS <_ ' ( nL>JI ^ ta i "Ijj ^jji.^/ 4jlI 

(2) " . * 

(jj^Lcj O^SjJI liDj) I <i itjJaj Clui^J 
,-Aj A ,1. tl 5_aJLir"i i ,i U ^ljLx_u-ul 
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4_a^j_i!l ^yfl j i ii ill jlj^lll JjljL*. (ji^. CjJUjj^.1 (j^i-Ilj 4jj_«jJI 

ijn i tl (_,-3 (j o i <i " 1 1 italt ja^3 (_gl (jjS-r"! L3Jl$j ("J I j-A (jr^-J • 5jJVI 
<_Sj|jo. (j_o Lia^La aj[ j*ir Li (j^alil d jK i"ill 4j>JL*Jll 'j^JJ 

. 4_*jLiILa 

«L>-jJlJ 4_LaL£ (j iij al jjs JLioLl (j I +"<" L#J 1 3^Luj (jt-*-" i-»l ij» .^»tl OuL^J 
CjLaJSLLJ i all «L2lilj (Lj-Jlj L^Ia ^jvj_lU) (j-CjilJI (j-a JSLI 4-l3 L£ 

La_LLc (jis- ' d a b ~- 1 1 CjLil) ^a^LSLJ I c-i-Uj-> 4-alaJ I JjLuj JLaliXI 4 _ J5 _iL«JL t Cjlj 

. L) a_i_o luj a (j^- 1 

«\_Lal_£LJI di\ a ' ^**'tl L^j ( j_ u _j_al^9 ijr Jj^l 4-ao.jILll ^_alj»i JuLJj 
j.jLuaJll ' ' JLcljjsj JLtS^/l jjjo. (ji^- (_gjJ-»J (jl (j-a Vjj (JjlS JSLI 

(jj.5 4jj_LL>>jVI ( _ ;r 3 4laIL>J,l CjLao.j_i!l L$j 4-uj/Jj 4-al£ JSL! jiuljjs SjLC 
ijr JI (jj-^>* ^— °1>-^-^ ' Ij^SLaj . <L?e_pE_t-£l] I ijr A L^-La (_£l J_lJL>»J 

. 4_J3j->JI 4_aj>.j-iJI 4_L>.j-a 
i_!j_2j Lajju CjI m" i ntl J!>Li- £ LjJ^I £ *- a ^J-^W <1cj_luj ljr LM'^\3j 

((J_jl_uk jLi) (j^-i ^-^Jj • 1 J-±& J uei - U t*-^ jJI Jl^j>J1 (j-* LaLc j -"-^ ^ nm'v (j-* 
5L3jjlII ,j-a SjlcLoj i_u-uLoJt jjJj (jl ■ _iilajj <LJV! Sujvj^J! (j! Bar Hillel 
*l? JtJ^ ^3-^-5^ "1? I La ^o-&J i^JLaL^ L_3jLt_a -a 

j<sJ <U| j^jdi (jl c-tj^j 1 1 i .i t (jrt i i ii II oJLA JL$o. Sj-a3 (jL^ I jLi (O^ii (j^Jj 
j^tJjl JLc.1^3 JLs-jl ij-ij^ <>c- Sj£La C^SjJt dili ^ ^j^ajeul T (_f jJ (jSj 

SJ^I 2UJL, c_o<^ JIJJ V o^L^ ^^UJI ^aljj (jfj .^1 c^UJI ^1 
ojL^ ^ 3 ^Recursive Language *\" II SJiill Sj£La (jlj i machine language 

.^JjVl L^IjIju ^ 

(jjj-l 4_aj>.jIlJI 4jL^-*i i nl ^Jt J)a^->JI aJJt (j-a r a U" (_£J-J1 (j^jjjJI (jL^J 
t(ji-i itl (j-a *j^>- i4Ljj>JI (_ ;r l«-a (JjiajJ (JjLj/J (j-a JjV (jl^J .(j-aJjl 
La-ljJ i^^LSUI (jl j i n (^jJI ^ojvjJI ^ C l^ T u (jl^ ^ ^CjLaJSLII ^* * (_pao_aX, (J_>Jj 
fiLa^jUjl (jljU_a ^5 t^LSe ill lJuQ i ul Jl^J (j^alll ) (J-t-^allXI ^JLtU ^Ji^_a_i (^1 
J i ^-'*»? («-^ dJLut ^_u^3 I La J_i£. iji^l J I iCjIjjjj/ j uiC Sjia 



J6 



ft. iq ■ i hi I ulaJUl ft, 7JI.n0 jaoc 



I 1 j uj tlajjj (jLaL>>j! j» I970j I960 , ( _ ;r jsLc j-Lj La SjHil! 

JljJjJU ( _ ;T ij^tlII ^tlll J^.l^ja ^1 Oir" i ul j^fl Jj^/I oL>oVI JjjiIjj .^oJLkJLi 
i\JL^>. j_>u (jy^>* 4_*_)Ljj_a <jJ_ja_=»o (j-ixlaj d , » CjljLmJ! j^a -SJ-C 

<GjjLs jJLa » j'l I I jjt Jlo j! VI i^'yL^s] SLLaII SJU^J! (JjLLj 
(j_a J_j|_gJ! jj_«J! i- . i i .1 J combinatorial explosion ^<_i-a.AlJI jLa_ij^L! 

(j^o J a" i m" jl jSLaj Cj^JJ^tlll 
( .iV JgLxjl^dll nKtl <j-a J-jLjj jl KeyWords SjuS/j-U Cll nKtl a jiti<j/! 
l_L>.iaAj L*-aLlj_l ELIZA Ij-JI j . I^IjI-sj -jlj-U J-a^-JI (j-a oLaaJjJ.1 

^jJs 4j! VI i^UiejjLllI 4"j a <frl ^^J-II 'jr^l J'^ 1- * ~ J • tfLsoVI I JlgJ 

rft^jJI 1 ^L%_)| w La «J (j! ^_a1j-±J1 £JLA ^JitX j£La_l ' ^^-^P* 
j_>JI ( _ ;r c.l jG-ll 4jj/jJuo (_gjjl w 1 oAill ' . tJxLaJI (J-o-C Ijj-II (^Lajj 

(JLLil La^ 1 4-j-jt-ulaJ I 4jtllL> (jiajj-U £-a jl (Ji-Jj jl ' "JJ 

. cLUajj_tl CjVjLcuJ (j,!^. Ij-J-II Vj' L>^i>^' *— ■ '^^-y lS 1 - 1 -" (jJ^I 

■ Qa^jl uHa JLa-jJI £-J-a^>. •.4-iiajjJi.l 

^<P-J li' 6-° : Wl 

S ->JL»-a JUa ^yfl i^gjiLflJ jl ^J-1SUj Jjt : Ij-JI 
. Lilt j I jj I (j-i-a <■ ilt-< ^ ui-w (jl 1 1 1 1 *. «LUajj_l I 

.dt^aJI dajLA cLuIlSLa (jjJ^l ' d ' ^ ^ 

4-i^iSLa LiLli ^La-uJ ' tU-tiT (jj-i-il • lj-^i 
I JJLc <Gj^I j ( _ ;r 3 (jj^i ' ' ' La-i 1 iU ijui LoSj l^_JI ^aLijj Jjuijj 
j| 4jjLiiujl =Lai^ Lai .^jj (Jjl '.CjLaiSLlI CjLcjjjjajs jl CjLaiSLlI ^1 jj I jjs 
^ juj- "1 1 11 a L^ij-JU (_ylll SjLijlII j^yfl ^aLlj^JI I J Le l^cSeuJ CjLaiSLlI j^s lLixj 
dll jjj i^aLjjjJI <Ula (_g jJI JijJI Jila-i SjU>. jJI (j-a ^^LlJI >j^>Jlj i^aljJI 

. lLm-LJI j! 4jjLijVI S^jJSLII jjJLc j-aUj-JI l^jju LaJ^ jJjj 4jL>-VI qmju (jLa 



.(liljjJtj (y:. ( _ r y J _ l i."(>^ (*(»,?*) 

jl 4-«J£ (j£, (jl (jSLaj 4j| <Lal£ (J^ 3 4-«j*_lJLi J)j i a ii 11 j 

d a K (_Ll3 jl jjlj Li LoLjUa! j-aLij-JI jjj<j V cxjjaj cj! a K II (j-a jjlc 

( _ ;r lJ! 3jl_i_«J! J^>-J I n K j-aLij-iJI 3_i L>- 1 (J-i-a-i (iiiljjJIj (^Jj^-Li-Wj 

<Lai£ j-aLjj-jJI ^ JLa-" i u a L^Lj-Ju 

. j i i r\ Lilj (j-bj i <i" (jl (_5-al CjJ>Li£.l :«LUajj_l! 

.ilLjJIj ^ Cr<i>^ • Wl 
^^ylajj ^_aLjj-aJ! (j-oAj (j^-lj ^-^J^ LlA Ij-jJI 4_iL>.l jJLuj 

.^LUI jljpJI 

. liij jJI j ^ (jjjj-ti-i : lj_JI 

(j_a Sj-lJlC (jl ^ Jo* Sj^aHll i n t Ij-jJI ^1^**' ■■■'J 

«Li_i_t-a (JjL_lI1j_uj (jl d_l5La_i (_^-taL>. <L>.^jj .^j?e_lJI «Uu_a_i (_£J-JI i La o * 1 1 ^ljj>.| 
LJlSj i4_u-ul_Laj 4j>-j->- ir-i ^»Laj>. jJoJ dlljuj <_ .UL>J,I ^ su ■ aj -ij-a-U pK~U 
(^1 ...» (j^Lc l-Sj «. . . 4-uTtSLa Cd I ...» <CjL>.I (^ I JLA j J LaJj 4ii!l JlC.1 jJLJ 

.JjjLcoJI (JLjJiI ( _ ;r 3 «. ■ ■ 4-j.uSLa 
g I ta c j j Till J-SjJ *■ VjL3 i^Lk-UsIj ijLjoVI I JLA (JiLa jj i ^» c ^J-j' J^-Pj 
(_g! j-aLjj_jJI (j 1 i ajj j<sJ *. L^iLjJ • (jj-^'j J"^ J-°' i«U£LoJU (_Ls->JI (JSLI CjLjL>.I 
(Jii (j ii j I I J-$-!j 1 1 ^ ir-i^ij-" i ill (jSL<u (_yjJI (<u-aLail jl (JjjjJI (^LkJL (Jj-i^-i 
■ 4-ul i ujVI SJlUI ji j*» 2jl »c (jlr jjjIj (_gl ^aLjjjJI Ijut 
LtJo.^f J^ 1 -^ oJljLa Sj-uaJI 0 JJt (j-a (^j^i d Llla g-alj-l i-ilLLAj 
^\_JLLaJI ^aLjjj LkJL>. Ij ija^AJI CjL>-jJ) (_>^a-»J jL^Jal ^e-i (jJjVI ^^ujj^tlll 
2Uj,,.jtl Jj| , aJL| J^cj jJI j MIT ,j-a iDaniel Bobrow x>jjj JLul jJ Student 
•.(JiLa UaLa_il L-aj| f»J<sr-" i nl JL^J . ufl 4jlL j-jj>JI j«JlC (^y^ 
(S2 J I * La) (3 * 2 * jJt, I * ) 

(j^£LHjJ L i i nLuJI JLcl ^ (jr^ J-*^^ (lt ^LlajM )) ^_aLjjj 4_dJjJa JLaltAJj 

.4_uLj JaLaji ( _ ;r 3 ((CjLcIj^JI >(_La» (j-a SjLj-^/I 
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iq i ihll OlaUl 6aJIao jaac 

jJlj (JjLj ^u-uLj t-flj^jtil William Colby ^y-Jj^^uJj ^oLjj-j ^-j-Laj i -jj 

<bV IjLl£*3 4LtC S-SjjJa jl VI . lj_J! 

LaLx-i IjjJI (^1 4j>. jll JLajJI 4j*.j I j j ta u i_)^>- (_£' • ^-^^-^-^ QJ i ' 

• (_£jl-J ^^i^-J i_JliaJI £-oljj_i ( _ ;r l£. 
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\\ S-.^VI jL2j 4ic^il J^JLlI f^U\\ Jug" ^ Juu SLuluI-JI d) till I 4j>JL*_a £jal^J ^jJ^x^j (I) 

: JiU SLUa* 4*>.^j MiLa Ljjjf lite ^ oSu jls oUKJL £Jl t_.r Mill £)T CiSjII *_dlj ^ 

(JjVI |jl5LU J**TI ^-aLj^-JU Jj-ij [!)! * SLSLLII (jrjLjj L^j-aLa Lu-^J u^_9 t(( J°hn left for Cairo » 

CjLjVjJLj I j jjj a_tJL^ ljr £ (jJ uuaxj I gate C.J a<* c ^"^' 4_<u>.^pJI £_al^j .j-"" 1 * ' 1 '-M-Jj 

Interest rate rose 4j)jL>oVI 4JLu*U «4jUI ^ jl^I j>j^ -*b&a>VI JjL*_a» :2LJLUI cLu*- jJIII 3ju*ULI 

.(^^Hl)%lby 

(2) Weaver,W. (1995), Translation, in Locke & Booth (eds) Machine Translation of Languages, New 
York, Technology Press of MIT and Wiley. 

=L*^aj_tJI CLiVkl J£ QttoJj - - flj JJ^i £}' ^ taj 1 ul lij recursive (_£jIj_SLj 4jLj ^-oLjjj I a ' ajJ (3) 
mi aj mm L$_Jj jLuif Jl33 4-iAJI Lai -<_dJju 0 mj V Mia COBOL 4_*JLs ttilJju 0 , „~ 

jlcIjJLII (jo-xlaj j'j^j cH>^ L4J 4jL^j V M_4^>- (jjXj (jl tj^-<u UjI (j-*J t(Chomsky 1965) 

4_L1I)) J-ILa <Lj_]j_*JI 4J1AJI (^fl pu-uVI Jju flj^aJl ^-iJaj (jt (j^Laj Lli! ^Ha i_Jsj)j_*JU -4_!j!j^jJ! 
4-j_JLj ^ a 1 a a ■ (j I ^jSLo-i^ " JJ fl-i-ll ^jJLl! 4JUI » (Jj-a ■=> a • a 1 1 a ■ £)1 Lca_! I LUSLaj^ «t_£j-3-JI 

jac <La-u3 A^\-us\ ^uuu 4_Lu<_a d La 5 ■ _L>-jj Ij^Lffcj «A-L»-^Jl j j fl « 1 1 ^jJiJI 4JUI)) (Jj-a 

: Jj-^j^ 3jujl>. 4JLjj>- <LaL^j t jSL<u_j Mary has flat feet.. LU t jSL<u ^j-U->J^I . Ljj-«J 4_1SL<iji 
I think that Jhon suspects Jj-3J^ 4_Uj>. i ^j'^' 1 ^jl 1 1 a j t ^^SLcjj Jhon suspects that Marry has flat feet 

. (^^pJLI) I JiSLaj that Mary has flat feet. 

cdJj ,_)jjj_al_5JI (^jJ) *j La '■ (jj - ^* -0 0-° L$ ^ c Lca_aLc 4JlUI CjLaJ^ p Laj * (4) 

^jSL^j play Jla i^K^ hit>» 2UKJ J^Vl ^ii* j inf j^f ^ .U .11 ^^uJ, (^.^ . 

SjLulJI (jfl ajLstixuXI j-* (j-(-«^a <- 7 '-^"Lj>JI {ji^-j played ^Ltfl play 3. JiLa I ^ - ..I jjjS^ 

^LmJL iaj_«-a^ 4JLal^ 4£jjuh > dlajJ 4jjji_caJI ^ gj I a ^^fl 1 JLA (jj) Cj_u _L9j . LgXlseJ t ^A\ 

■ fpj>-j_m) .^JLaJLj cLa^>Ji_a^ 

(5) Petrick, S. R, (1973) Transfomational Analysis Rustin (ed) Natural language Processing, New 
York, Agorithmics Press, pp. 27-41. 

(6) Weizenbaum, J. (1966), Eliza, a Computer program for the study of natural language communication 
between man and machine. CACM 9, pp. 36-45. 

(7) Bobrow, D. G. (1986) Natrual language input for a computer problem-solving system, in Minsky, 
M. (ed) Semantic Information Processing, Cambridge, Mass., MIT Press, pp., 133-215. 

(8) Colby, K. M., weber, S., & Hilf, F. D. ( 1972) Artifical paranoia in Artificial Intelligence 3. 
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SjJJI Jjlsti] (jJj^l gjaljjJI J'^^tl | jut ' 

JaJ! 

(j-C JjjLXJJ Sjj_fl_Lo (J_«_>J! J-lLsO (ji^. J-olj-JI 

J^-JJ Cr* (JrH^ JjJa Jjl Oj^Ii jSj 

. p-ufcLiU lLijIj^J Roger Schank liiiLJu 

I 970 ^Lc (jJl^v) j_U 0 JLfl> 4j! JU olajJjl 
U I c p_aOj-£j*. Q^JLs-LjJ! j ir^qj i<_ 1 1 nL>JI (Ji-I-S 

j jIjj>.jJjjJ Shrdlu '''•'_jJjj_<i (jr j*j:ljj_i I j-a> 

LUaji 3 I ->-j-U . jji^J Lunar jLjjJj 

. (J_«L^ a * * J_<j_>J1 Ja_)j 
iZjUU! 4j>Jm J-aLCJ! £-aLij_J! p la h La SjLc j 
p . | -4 J S[ ,"i S-Lj-jJll £L2jjJaJLi 4-ut-LjiaJI 



.JLCS/Vl tfjuk (>u 2 j ij I La 1 1 O^L^alJI 

(j-ujla I j-fl> (jlr Sj^Lc .JjlajJI 3-jJU-C r I (Jj^ ^1" i" t 4ji*c Ijljj (jl 

Jlj>.^j jJa 4_ii VI t3-se-j-5e-LaJI 5_aj I < U (^aliej 1 uj j! CjLiI j ill SJlcLs (j-a 
^j-Co^LJI ^j^* 1 ■ ga a » J . cLUa^LiJI . .. aj . ..VI JjjQj Lc J_S3 jii^l ^_aLjj-j 

(j_o 4_i_L<ie_o cjL>.jJj j j i ..A'.tl ^ j j " Kayser jj_jL^j coulon jjjJj^ J!La 



(2) 



(!) 



(3, 




)U_Ul OUUl rtii ^L5 JaJsji 1-4 JSvSp 
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6JUaajuoJI ftJLaall (ogs 



i Lo j»Uaj tLa^aj JL3 La jL^JaV ! Jl>. 4jlsL> 3 1 j| ^_ys J i a 111 Jlj-Jjj j-alj-i (jj 
J-«^ <j-3 (j ' * U <jJLc r£ j-II (_yli-lj.ll (JjI'wJI J-^>J 

D, McDonald ^jJL)jj£Loj T.Meehan (jl^ja Li* j^jj j! o^-*?J • ^5-*^ 

w I <* 1 : * j laoILLm (_dJjJ ' p J all * j a UA i ^utji^? ^ILitl jJLs i^^ycLlla-i aVI 
Lo_Aj LiILc Lj I i j j II I i SI a j la * ' (jJj iJVjGjj/VIj (J-lLxjJI (jJ-il o c JjLu 

. LaLali ^ 1 . ^» A ' ^ 

^aLljj jj* (^ycllla-l -"^l «L£jJI £tJjLj ^5 Ijij J ui a (Jla (_gjJI J-aLjj^JI (jl 

lj_& ( __ r £L* ; jj .MIT jIj^>.j_Ljj l5>tH ^ * lS 1 -*-^ ■* !>Li « ^J^j-<I/» 

(J I *C dil j »l j Sjx. (JjLu ijr^- SjJ-flll <Ljjl (_j-ll (j'-*-"- 1 ! J-*^ 2-°^J-^' 

Juilj . »l j mi^M £JLA (J^<p* d*tl*i < nt ^^ji^. c-A-t^t_) ^jlj La ^_a a j • j . U 4jlL 

r^j d_ui-Lll J se M1» jj-* 3 J q-J i ii a ^J^»-l ^9 4^t_aLjj-j ijr 3 -ilj^ ^xla 

CjK 1 Mill <j-a allaj SjLi^. jjfcj Halliday, ^MgljulLgJ systemic grammar 

<d 1 a L>. i <l ■ 1 i^^ql I Cj I JL>. ^11 4_Lm_a I J *" ^ d ■ 3 La * 1 1 
<LJVjJI (jjUIl ^y^JLi ^ Jiir" 1 h"j . (J54JJ.I jl ^jLlaII) L^jLLij L^IIajlj JLl3^/I 
I of 2U-rlt 4JSL<jJLl CjULlJI JJLC ^^Jj La-a i_g^iill Jjlitlll «.Lu! 

. Lajl>.j 4_ljj^iII j-uLtil LlS^ta ^1 

CjLlhSJII Sji^>.jJ,l jilxuiVI JJl£. ^ :^jlljjjj| a jir" 1 .1 a 

S^lj^aiJI 

.oL^I ljI -2 

2 -.j-aLijJI ^oitWa 

»l J Mil 4j^Lj »jJl_LA '.jl^J-UJ 

j-Uaj>Vl ^ j^JI ^-ia3 tjl ,_L^ rg? (. -. . . i l :g-aljj-Lll ^Oi r"i. i a 



dJCSLIIj ij-<jj>.Vl c-laSLU (_>-=>jJ ^5^' LoJtl^: 




, LvO j j ^ L$-jJ! Ji^jlj d j o Mil 3jLi£. JLiJLso (JlLa laj^'l J) w u La 

Ij-lLs OjSLj diljjj i4j i Uj-sII i U ( a^gJJ «<_L!jJLa» 4j| £-aLjjjJ! <jjjj 

.4AJliJ.I JLt^Vl ^La}UJ! ^ 5il^l ^ 2jL».VI 

4j3j^jtJJ «QIljjJs3 ^1 JLa-"i i uLi LujJjj dt^JI ijr 3 ^ jJL j-S^J ^LAjj (J»^3 

J i aAJI j laj|) Augmented Transition Network ATN ojj «U J I y.'.VI 3< , uij 
3j.j.Ull SJtULi oLiLu Sj^Ls £_a jjLaliJ « LUNAR» ^-oLi jj *LlJ (^JLlJ! 

3jx.Ls (jjSjuj 

fti " j^g (- I Lta-aU S-ujjJlJI <LSLjj_a^l 4I14JI) NASA (j_o » I ita a jljj o> 

jl , ..X", , 1 jJI JjiuuJ! (j^tJJ CjIjl»jIJ! jl Sj^a- ."ill (^Vj (_LlL>iJ -<_j 

wj k '.'J 'JIJ-uJ-I ^ii-ljJI Jjldl! ^ (j q LalXI 1 SjLa^L-uVI -£ 

SJlULj JjJ! jljLclj Jlj 1 ,1 11 (^-3 2 J j 1 ta 1 1 oLa^Ldl <2>c tt^tjJl j^ic lj-A 

. 4_ut_u kJI 

. j^tlll JLcl jjs ^1 iaLUsVL) *L«J£ 3500 (j_a t_!j-Sj La j_aL)j_jJ! J n 

jjLajiaJ! 4ja^L«J Ijjji^a 1 1 (jl (_gjJiJLl! (Jjlitlll ^oLjjj , 

3J jj^j jll CjIjLlkJI (Jila fljj a-La-l I CjLo^pJ! dJJ j£j L^jJI J-^J-j sLujiVLj 

.3 uuSj-ll Sia^JI Ji-b 
tljLiLlJI J-oljJ jj^" (^k: ;<ulac JJjlj LUNAR j_aLij_J (jL£ j 

(jJlJIj ATN Bjjjil Jl S-.-.VI 3 < j .'l, t 4-aJLir",,,,!,! 4^123 2_ut_u_kJI 



Olmn'mll bJLaaJI pxgs 



J^ii. A j«j tla.ll CjLilJ! 4j>JL«_o ( _ ;r 3 Lc i"i (Jj-k^t J-^' <J-° 3 JLs-lj Ojej ii->l 

.4_tA*aLU j ♦ 1 1 CjI^ i i nil 

S^j^liLJI 4_jLfljj-o j^t_t-£5 ijr 3 ^_u^JL^1 j-j^jj i la i ■■j" rt ^Jt La - 

diiUu i_alj_<i/l c^>o C.Riesbeck, C.Rieger, and N.Goldman ^La jjaj 

5 ■ SJlill (j^: tUljLi^ Ji^-J ijjJ! MARGIE ^ (j^J-jLa £_al_i jj s l_Lu 

. Jjlj La_i3 cLlLjjlII ' tLLa^J ^3-<2-i l_3^j_oJ ' (jfj S[ a 1 1 JajljUJI jj-* (J*** <*i' 

<t_L>.! jJ! (J_o^>JI 4_C.Lli^j d' 5-°^>^' {jr^ (j i "j\>JI *>^?^ <j^"*£J 

( _ ;r 3 Lai (jjL^lILi 'Lij^J (_£ jJI SLaJ I joJLjlI! CjLkI" u < uLi j»J-2j (jl J I '4jJJ 

■2A Ij'^H SjLcLj (^yjj-jLa ^Lls JLLo (^yij Liaij 

• (j ii (jl ^tVi i n" j«J L#j^/ OuLaj i_£jLo j"*** "2 

^Wi I n" j«Jj l(j illii"" (jl ^Wi I n" j«J L$j^/ LSj^ '^La "3 

• U'.'^ j j '^f do* - d^ (j '"^ '" 1 " d' 

^JVjLa ^LlS JLla ! j-&J 

.(jjj-jj_ol «Li> t^jL-* w * j<iL>.IjJ! «LLu>J1 

•di>^ J iH l^J*- 0 d' - I 

La (ji^. L^jLi lSj'- 3 j « (0-1 -2 
• d' ^j 1 - 0 - 3 

«L^jJI (jO^vLjJI (ji_i j j L-^J d^ ^ "' 

SJSLAl >LaLi (^aj^lJI J^LLaiJI ojj-fuu V (jjjJI S-usLi- 1C;r cl;Ui^VI 

L>.j_Zu Lilt -Sj^jj • CjVL>JI J^e-i) SjjJaj i ( _ ;r l«Jk! ^Ij^jr" i nl 

(j^J jLAlJ ^J-uaVl JL2-U (jJI J-^-JJ (ji (<uL^il (^jLSJI (jJ^J L^J lj^->a 

d j <i i iiVI CjLcjjiJ*-a (jlj 4^^L«J! (jjijjGj i4lajyll ^ i hj'ij-!! (jjSJl! 



fl5 



.S.ulj^.'^l I j * a J£ 2JL>. JJljo jl ^yJUxJ :4j 5JajjjJ.I 
j<u-uVI 2JL>. j jU" jl (jSLxj innectional languages 2 j-^jj i alll cjLilll 

( j_a <L»_3a_a (j_c jJaJJI ' ' > L$j w ' * «Li-£sL>. 5-)L^j jj'v mi /^^Lc ^tia^j 
J^L Chlopiec je gruszke :<LjjJJjjJ! 4ii!l jl>u IjSLaj i4Lu>J! ^ J*-^ 
.Gruszke je chlopiec : LUajl (jl <jSLajj jJaJI 

i^J^Lai! <(-ec» 2^1 j lib j glaj Jtiill (J^-La jj* (chlopiec) « jJoJI» jl 3 Sjii-^a 
^ Lai . «-e» Jj trill <bl j b j 3^*' 4j Jj< riU (gruszke) «i_i;jiLa£Lll» jlj 

Ma 2_jJ_lL>J,VI dJtill 

.he/ him, we/US Jfla jjLa-Uill CjVLs. jj* si a ( nVl l «j , V.t 
^Jj * a 1 I JiLa «LLa_>J1 CjLjoSLJ. ^ LxldHJl ^tlll ' ^ * ' gaj jl J_3-s-^ ^-^^dL? 
(j-a (j i c I i_ajLli _aJ ijjiSclajM jJt\ jJi L&jLiacLi VI Jljj2J V jJI . . J^Lillj 4j 

John broke the window with the hammer . 2 aj Ul I j S jLaLlII Qa^>- j i <6 - 1 
. The hammer broke the window . 3 jiaLJI 2 a^ Ul I cjj . ..^ -2 
.The window broke . Sj^LJI Cjj . .."C'iI -3 
ji (0-C.j ii_i_Llie_a 2_^_J_> > _)VI Jjj^JI jj^s cLLaja. (J^LAJLa 

(j .I ri t i^^jj (j! ii^LiJI gi j o i nVl cjLj^jJLI (j-a (JSLI (jSLaj 4j| ( _ ;r i«-a-i jl>.Ij 

i4_fl_Llie_a Jtrill <U-mlJlj LgJU (J£ cLflJij jl (0-C.J « j_Lc LAJ 1 » ^ jj^jUll JJJlII 

«LlLc jJsj ,j^j (2 aj Ul I) j^jfi slj^/lj i(j3^.) j.* J<rill (_Lc La jLa (j n'Ct ILij 

l_Ljjj>. L$j| £-a Cj^LjJI j_L«j>JI ( _ ;r 3 <QjLi 

CjVL>JI J^c-i) 3j^>^ <j-° i-LLiLSJ |_g^SLaJI JajljUJI 2_jjJaj i—ij^jjjj 

4_ulj^.VI 2JL>JI Jojjj 'Lil 1 1 j mj u i "j^j-!! j ' a "*" 'JJ '(^yl^**^ 
((primitives of verbs» JLti^U 2_jjj^/| 2_jJVjJI CjLjjSULi ^ a . ..VI i_^j_all 

.sUJLlII S a II ( _ ;r 3 L^J Lojjj(j aJLalm (_yjJlj 

Conceptual Dependency ^[j£Ut JuIjmJI MjJkil 

(9) 

(J_a_>JI (J_Lj_a-j jj_a j ^ a **i IT cLLu_oa^ 2jj U 'tl aJJt tiJ-lLJo J^JIJ 
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ftJUaajuoJI ft, 1,0,7 1 1 pxgs 



ijr lI1 ^ a u >i U ^_ukLil1 (^-i CjL9^L*J1 (^-u w 5 La * rt 1 d t d La 1 ol 4_La_u_u_J1 

: ( _ 3 JLj L«-i3 4 j 1 nj'ij-II jLCa^M (_^ajitlj (jSLx-ij .JjijJ! ( _ ;r a (Ji-jG 

4-ij-i£j_U! I <i t fn a 0-il£ I jl cr-"^' 

, Lal_4-i d a u he rt 

(_)_iii_<j_j_I I A \ n ->JI d ' ^ . >■ * 1 1 oLajUU J 6 " J J Laj (jl t T ^*J -t— 1 
<(^l j 1 eaJI I JUt CjLJjj 1^1 Cj^iii ^jJI <■"' j 4i^a->JLa . ^jj-i^j J's i"m . jJl 
jjho JlJjI La (j 1 c ^Jj . .-.-.tl ^3 1.- 1 1 iSi3 JL3 (jr"' O^'j-^' Cr'l J- 0 ^-"-"^ 

((^Jj_u» Ltiajl (jj-tju jl jjSLsj^ «3jjlU ^Ji* Ju» ^LlLa «t )j-*Iuj» (JjLaU 4_jJVjJ1 

(jl i3jJVjJ! cjLjjSUI JSLi schema w SUM I [ S.^jtl , U .«J£Lj»j 

((^J^LoI! jU_)|j^(J|)) ^ tj t ,M w 2 U ' ' CLL^a^J «LLa_>J1 ^^j-LJLA Jit^jj 

<j-a (3*C j i^ill ' S<- ji) , - 1 Vj S ^Ir 

. z\ <i t n^Ll 3_)jL_u_a ^^j-Aj JJ LtaJ I - I 

4jjL<jla (jj^-J dJJjjj LgJjij<3 jl jj-LaJI ' a-naJ (^-Aj j j ■ a 1 1 CjlijL«-a -3 

-.(jL La l!jL3>L«JI C1jLU_i|j_lII La! .1 ajjU It 

H_gjjljjj3 I oflia jjl (jrJ^J l Uyj^ 3' L^-°>4^-a <jrJJ J jLiHa jLali^.! (l) 

.(JjiAIIj 5j j LaJ I (jru LJLc Ij-A CjJLajy 

jU^! (<_j) 
jUkl (^.) 



tJ cl..k.oUI .ISiJI 



( ) 




<s ^ fi. 2- 4 JSCs 

j se * JLcl^oJsj ^j£LiI1 lLsjIjUJI (J_u_a_i j-i_ujllilj 
0JL$J se i \\ ^J- i i L tiJ l JI j^pajjtjj .(((JIj-lA ' 1 1 ga c ] )) «LLaj>> (JjLlu Ll£._} 

.3-4 jSLi 4i*jJI 
j_ajJLi «Lt£. lj-^«-a causative 3_i < < , ..tl cjLs^L«J ^gj'C iitl Jculj^JI ^psjjuj 

Ucuslj <j-ujJ ^LilS JlS (j_y>- iji J^- 1 «l_£j'- 0 ' . " <i <* t » <LLaj>- ijr^ ^ 

! jl^J 4j*_ujj i DO (J_«_iLj t_i 4_Lc j j * i j i(/«j>.jj1! .jjt La V (j^tia) 

^^.3 4Lj_>J I Jjix-i 4-4 J'C "it ^-jus jjj . L-i-i SJ Ls. ( _ ;r 3 ^yri I jJjiA! I 

La 5LUj>J (j-Ltll ,_LlUj 5j1*c (jLa i La J< iks 5JT , ui,l .t — p ^ySL! i ! jZjt^ 

tllLLAj i L&i 2 La yj ' I 4j-LiV! 3±a£jj J L*3}L! S-JjVl Jjj^jVI JajljJ <>a Qi^Ij 
: LjJLa I jJgjLl J^jj 4jJj^M Jjj^sVI (j-a 14-12 (j-a i— Ij-Sj La 

(_p-a) SjLjJ^C *LuI/^/ Jdi-^ j' (-^"^d J-" 1 ) O ' (q ^ * J J^-°) 

. (^Sl LaJJ JijJLi Jja^o (j o i tajj (jl (jS-aj (j^Jlj «lj_JaJI 
tjj>.*$ (jlSLa (j_a i n-»J,l *LlJu^/I Jjojo (j^-JJJ :<UuJ i ii a d^Li^>3 

(j-a d i i i nt (j 3j-H-*u.d (IUJ^JlI)) (Jii-« 

Cj La j-Lt— a 5 J_i Jlj>. CjLojAjlx «.l_t_J 4_jJl5jlI1 4_jJ_<jjlI1 ^Jl j-hTujj :«.Lu 



fl8 



ftJUaajuoJI ft, 1,0,7,1 1 pxgs 




Jplill J*Ul ^jjl 



< 



"Sy* tiyr (-..ftfci" U»Jr jSCiJl Jail jiJJ 4- 4 j£i 
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(JS'Tb 3JUjJ >Lu-^i 5-4 JSLi I mU»jj 

Ltji. I i i-^ig J i JuLus 43jL«_o ^1 (Ji- Jl3 

. liLLJu jj>.^_jJ ^^Lj/^/I j*C rill j gla " Jlj^QJLj jjfc i nVI (jl 

Jj^sjl!! ^ jir" < ..1 ^gjdlj-^gj'C rill JjlaiU Riesbeck ilhjjj ^-oLij-i q\ 
JlJ^j I Jlj>. jJsjILU (^L^il! JjijilILi jjQj-JjfLilI! I jl& ^1 

.prefemtial semantics S^L.^A'tl 



f 1 

4 



A 



A" 



C ) ' 



"If oi* 0 jjt JSl" to J^£ 5-4 JSLs 
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O 1 c 1 *J 2I< ^ ' J '^■ ;tl I j_4 JjLlu 
J^_jJ soj ^ j « j ■ taJI CjI i_LI! J «^>. Cjl—i^SLo 

3 j I -^1 jJl 4jJL«II I j j I taxi (jjJI fljj-LaJb ' gjua^il 

. <_ 1 1 uL>JLi 

4jJUII OuL^ I jl La JjJbo OJ^V '(((j't^U)) 

LlA jJjLuJJ J ' g3 ill (j^. (j-«L\11 (J_i-£lAj1 

^j-SLs-i mi ijr ll ilaJI 4Jl111 <J-$^>> ■ la 

uL>J! (Ji-I-S o' 
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Recursive Transition Networks (RTNS) 

(JLoHjVI CjK 1 Ml ^ «JJ .^t_Ll! L-tU-La jUj 4jljjja ^^jJI J J I ***< 1 1 1 JJt J-uHjJJ 

(jiiju £_o finite state automata SjjJijJ.! cjVL>JI <Li£jLajjjV Ijj^laj jj£Llt.! 
f_y£ cjLijjjilI! 4jjlj£jlJI d jl>.V 5-aj^Ulj 4jj^j_UiI! Jojij_<iJI 

j— l-l-iTJI L^JjJLS ( _ ;r 3 4jjL-uji jj£iiU JLalLiV! CjK j i"i j ft »" j ■ jl j~f VI 

. context free grammar (jlj 1 jj^^^ _ajtil] 

nodes Jubtll (j-a icj_o^a (j_a 3jjJL>J,l CjVL>JI 4-uLoojjI (jjSijjj 
Jaj^jlu (J-*^ 3^L-i J ' ajJ States, CjVL>. 

2JL>. aJLlAj (*IjCLiI) SjIjuJI JiUl 4_JjI 5JL>. ciJLL^a .^j^-f 
Lai (jojI^lVl j>£^' JL2jjVI oKuii ^Jl a ji„;ILij .(*L^lil) 4jL>JI 
(jjjj^JI Ljloxj Jl SluVI 5JL>. (jl (j-ui-aj categories, oVjJLa jl cj! aJSLi 

(j_o jl i(jjja_2JI w I c (jH-II <LttJ£qJ 4JLLta-a 4ii.J-U 4-aJSLJI (ja£j LojJ^. jojj 
i_Sa_<-u (j^jLcojj^l (jl (J^_Sjj ' ^ -i * ^mna (jjj^JLlI (jL^ l!il ^J^ill * 

*l jdjLS^ (jJjVl JuJSLII juWL (j! ^ U~ ■ I il oUJSDI (j^s a LuLlj JjJL 

.(*L>>|) a^L^Ji a^KJi ^l j^yj 

the pretty Little » Sjl j r J • 3j (j! I -5 (^ (jajLa^jjVl tali ■ "jj 

.((little pony» J • 5j (ji • j^" • V 4_&L!j «the pony» (upony 




START FINISH 



u» 4-^-1 ijL^J 5a _j^i( oVUM jyL.y_ji 

4_jjlj-SLHll (j^, j-;L»J w taji ) (jl (jojLoajj^l lj_A (JlLa ^T^". , ,. \ 

jj_c L^J (jl_j i ii Ti (jyjJIj KijJ-^-^Jt SJLi^s ^-sl^J oi-i *jL^ (jr^ 

nested 3JL>.IjlIU J-t»JI JIjljI^I LsjIj o^Ujj . ^'^LaLUsVI ^jLoi-l 
ulj (^ I jut (. . j i . "n La S^Lc (jSL!j iterative 5_jjIj^3 cjLj^jjj clauses 
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xUji a itl 

^^yllJIj «^U^ (—3 ^ jl «^ a < nl ^_yu ^ JlLa 4_i^j-Li Cj^^nX 

JSL^i J-^sjJJ jj^ill (JL2IuV! ol< 1 <"i ^ j I Sj 3j£Li!l f^yJt, aJJtj . Lgia-I v 

jj^LlLo 1 2jj 1 d*C 1 m) 2-5 
The Clever little daughter of the owner of the sweet-shop has won a 
scholarship to Oxford 

4jlaL*j 4_u_u1j_} <L»_Lo t .** ' 1 1 ils ^^LsJ! (J^co dllLi 3j_&LU *j j« call 4_bV! » 
£ i(4_flj^>) (j^a i((Jjl3) i_3 i(j<u-ul) (j-u (jJ 1 4 ^^J-^' CjVjJLU Q^Sjuj 

(_j-Lc- q ( n Vl t_^j_U J I <i " JL1I0.! jrJ-JJJ •cr^-> > " S-^J- 0 f) '((_> 1 1 "I 
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(j! 3 i i Li] ^ o i im V L^jSLIj i(J_<3_>J1 ^J-ii^til !jl>. 4_SjjJa ejjt^ 

a « J 4_^L>.j i4-j-«-j-jJaJI Cil i III ( _ ;r 3 j-fl>l _jla]l J-J-a^>- J^p£.VI ( _ ;r 3 JL>.Li 
'"'I a ual jll ( _ ;r 3 '-J^"' ' " " ^'j-^jL 1 L^Jj^u <j^-«-i £ *-j' i nil j_fl>l _aliJI 

Jl_Lc JLJt_H_i (_£J_JI jl I nU J-aZLau ^J- J L r e T jl 4_ji_a£. ^jj-^J • J^*-J La_i3 ^ u ( n 

1(J o t nVI c_£j-U ^yfl ^<u-uV! j_o J jjj jjK I jj La 2l3jj>I 4LijJI ^ J*A!I ^Jl 

p J " ' (jl J * ^ tj' '-^i^J ifiLilll »1 alf jj-* I^J-*^ mi" <tll i nfl tfJLAj 

^ «j tla (jt**- Mj-a tt. < ( uLlU ^^j-utll jLlo*1 ( d ^j**' 1 JL9j .SjUJlc d Ah-» (jL*_a_i 
. 3 JLiiala^ jLaj>. (jJLc jl (jl 3' (l)LwjJ^ (jj^" lJ ^ '^l p-"-"^' 

(j-o jj^>J,I ^tlll Jlcljjs ^ La ■ JJLkJI ( _ ;r 3 JjLoiVI (jLa-ua (jSLall (j-aj 

Jij-(2_o »— t£j-a/ -ij-^-* (j 7 -«a-<-ui c_^j-o = :3^j-aA-dJLjj>- 

•*>i<^! 

Augmented Sjjj-U J I S'l'iVI oKj A 3-aiaji j»l jLxIj-uLi S^jjJaj . ..II 
^yjj La^ ^ a i i ■■ (_g jJlj j jjj tQjLa-" . ..I jJI Transition Networks (ATNs) 



Augmented Transition Networks (ATNs) 
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6&uhJI OlaU X3 S\i\ Jxlalll iSjJs l _>Aaj 



. Juu Li_i3 L^-al Jl?-**( i Lo 3_a^ Lt a (ji)—^ cJ-*-° * ^H* - * 

CjLs^LkJ! (jjj^tll set of registers Ci^La- 1 ..U <j-o 3x.jjiJ*-a I "j^*"' "3 

.,_L«L< ^Lta-J SjljjuJI 5Lui j^JI oLCuiJI 

La_j_la j-3e-lJI J_£,1 t-d-ia oJ 4_u_uLl9 Cj LseJLLa_i-a_a 3-^55 <^JLsej < ol Jl9j 

jj^o (j-uj-^S ijliil! Jjj < ii (ji^. " ^1 'j a iSjjjti! JLSHiVI CiK j i"i 2 c I j i aj 
3 <iK ^lqir"i nl (jj^V LSj-^' Cr'i 3JL»- (j^ 0 t i njt jump J£ «3j_ir3» 

3 mj'ijJI J-«-^JI jl j~f VI jukti] 3_Li2_a 3JLu_uj I liJLlAj . JL>oV! 

(J-«-^>- J-K-J ^ I <i 3-jljJ (jyJJ ^5^J"" O^l J^*- 1 La^-^ 3jjJ-ajJLI (_L«->J!j 

SLtS ( _^-£3LlI1 jj-* (Jj-' J (J-"-°' *^-* J 'j L^ 4 -*-^ J-JjJlB 4_L<3J>. (JiLa 3j-u^ 4_j_/j3 1 ! 
(JLaluVI CjK i mi ^_aLjj-iJ . ^ «gj •■'^ (jjl ^-A z\jj±>. 4 j i n o mi L^Jt-a «LLujj>. 

:3_JLll! 3 1' i .1^1 p j jj (jl 3 -5 J*C mi ^ SjjjJLl 

SJ^Ja j-jfTI L$J ^1 3 nniutt ^ La -i-l 

S4_Lloj_u (J^lal (^j-A Lo -< )-l 

SJ^Ja Cj! j (j-ixJI ( _ ;r A La -|- 2 

A , ,.tl J^Jat La -( 1-2 

: j-aLij-jJ! i^jLill p J a3j (_yi>- 4j)JjiJ^I 4iiILi Lut pjkjLjjuj 
1 (a) Which is the ship of greatest length? 

1 (b) Which is the longest ship? 

2 (a) Which are the ships of greatest lenght? 
2 (b) Which are the longest ships? 

ADJG 

ADJG 



; — 




jump 

ADJG = adjectival group 
NG = noun group 

comp = comparison (greater/lesser length) 

"Wluch is the longest ship? " -UJr JUSVI olSLi JJ4 3-5 
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2) t (l 2) dUj^j ^-Ul! L^J (u I)j (\ I) ^ (^OU^JI ol 

£_aj>JI j I N j a o LI .} JjlII ^Jj?E_i_u Ja-ixeaj <^Gc^_a_>J,l JSij-aJI ^j jp ( ^>^-4-iJ 
3_Lu_ujJI lLLIj^I jieli-u! (jSUjj (ship/ships)j! (is/are) Sii-!jJ! 3_aiSL!l (_LJL>u Juu 
"the Ship are" u^JxJ^ Ijl 3j^ll *LLai.Vl i_sLi£V 

Analysis of queries mUIAAmIiSI JmJm 

d I <i ->J1 «l_ a J^e-i el La i ul^J SjJjjs OuL£ li! JL>JI j-fl> Lo^ Jlcl^js 4c j^i^a 
2 1 j S 1 1 4-l3 jl i n U J-L^j (_,-jLu JjjJaim 2 La i j I Phrase Structure grammar 
J j I -»o) £>-i-ll lj-4> <j-a J_lL=jJI j-aljjj .3_Li>|jJ! 2uKJ! ^^a^jj ^pJI 

3_}Lc ' La -"j" 4_i_L*_a ^_j_fl>La_a (jt^- (J^ ^ a 1^ (J^ a 36 ^" ^> (cjLsL^Hj_uV1 

^Jj . A 1 1 j jJcLi!! JlLa cLulj^VI CjVL>JL> SjLc jajjtLiil ijJLfli ■ La .(Jji-aJLi 
JljLX-a-l ^aLij-J! I j Lg l^trc-U (j^i-Jlj (J-°j^' (J^-° ^l-a->JI jj jcJI . . SljVlj 

J i a-all j Lajl) Prim actives-3_jJVjJ! CjUoSLILi <j£-!j 4 • ■■"'< JtiitLi CjVL>JI 
^VjJI (jjSUI « ^1 m » (jaSij (_gj SLaJ I LLajljjJI 2jj Laj w a£ I jut ^Ir j '.(jjIjJI 

J>a_<-3j CjL«-3aJ jJjj (ji (_^-JI *l IS < n^fl L$J Jqjjjjj id j a < u VI CjL^j_LI 



j_Li»jJI L^j (jSLsj (jH-II 4_iSL«JLl ,3j-^l £± AS *-} 3 .' '"'^ ^>-L>- dJl-i-fli (j-ojia 

j^j-La ^- ) l j:t £>^ t -j Jj ^ 1 ^ o ' tU V ^jj^i 4_o*Lj (j-oj i3jL>.l ^Jl filLj_>JI 
^dJbj-Jj tGjLa-" i nl ^jJI dJJi j_fl> £_alj-JI dJLLj J .'^atj .^MSLII V^ujJ 
4_jj_La_cJ Sj-LaLUI 3-j-LlII 2 j.j ,Utl 3_iil| Jjjjv ,_yi J . nl ^jdtj Riesbeck 
: ( _ ;r Lj La Cj^LL->JU aJJb JlLa j_a^>La jojtij .(^jljJI Jj^iill) i SlaJ I Jajlj^J! 

.dJLuJI 
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6&uhJI ulaU K3 S\i\ Jxlalll iSjJs l _>Aaj 



.4jjj^pJ! ClLajUU (j-o lj^>- I laj i u-l IjJLS A Jiir" i .1" -2 
<j-u lj_u£ j_L«-i it-llljua-utllj JVjGjj/V! 4_lLsj>J 4jL!L 4 j a /h\ ^ taju -3 
J-Js 4-JVjJI 3-jJLjJI ^Laijl 5_lL*c IjLuj .SbjiD! Sjjilll iZiLajUll 

j! (J_a_L>JU ,j_o j! Sj-Sj dJLjjj ( _ ;r c.jljj . I flU^U 4i*jJ! 3*ljj3 <j-a «L^LiVI 

j mjLa» A a 1 nlj lLLj-jj sLkjJsj i_gj-JI (JL->JU LiA ' a-Lajj 
:<_^l^>. Cj^Ij 4Jj ^English Lanugage Interpreter (ELI) 
^yjlSJI J 1 a all j laj|) Production rules ^Lul Jlcl^ja <j-a (j^j^sLaJI (jaSLu - I 

.JjJLajJ! (j-a ^ 1 h.mj-11 t_uL>JI 0 

^£ ^&>s*l 2 \1 (jyQ I jj' p (jr*-^ ^J-ALotl Jajljj (j£. ^ i ^J)a_i3 ^JL^tIL_uJ -( ) 

. JlC.1 jJUI tfJUk ^1 iXir' 1 ill 
^ 1 a I ,i 1 1 JajljJj L^t-Us^-a ^LaLlu LuLlaJLq ^ a • a j ^ JLa-" < n t 
4^1 i<i^L L$J t<_illaJI ^ a 1 11 j ^Lu^M JlcIjjS ,j-a <_>^L>. £aj (-LH-lAj 

jLQi.V! 3j5J (Jio sLlsLUsI cjVL*js JLta^/lj Jjj-^II (j-o SjLjlU diLLi^l ^11 ^1 

SJLs. ( _ ;r 3 Jijjj iU^LUsJ CjljLpi.1 JLjJLso (ji^- 3j_o~VI JX.LuuJj iCjL>.j"i?Uj 

. 4 * i * i i . 1 1-\ i d i ■ 1 1 

(_2-3a ^jJVj-^^-j-lj ^Lb (^^3 ^ J> *3 J ^ jl JLiAJu ^_aL_ujj 

(jl J1*U «LlJ! I jut JLiSoVuV 5 ijlUl I oLa^Ld! jujl>J 

i(J_»_flJ1 (_^1 ^>> 0 J-A (jajiLj La 3 jLcj i JLjlj I ^ JjJL^fclij (_>-al ^>JI (j-a 

(jl (j>»- JLa» (j-* J j I t" II oaj 2_La-jJ! o-iL^ I il >Llai 

(J *C mi ( pJ -S) <((J^_d_J)) (J_»_flJI w I C ^.aLj-jJI i—SjjLLi (ji ^j^t_a_L3 i«L_3j-t-£i_Lu_u 
(J^JLaU «Lj_L] l^-A (j^- ^ItljtJ (jjj^_aL*LJ1 (^jJI (J^>.jJL ^_aLj-iII ^3-^-) <((JL]9 

q£a LukJ .4 -5 (JSLi (^yS La^ c 1 1 iiLlU (j-a^e-t-U 

.LiLI!i JLjlj (J j I ^"itl ^JLoj 4_j_uJI (jy^Li (Jl a^" i nl 4_tlaX. j tall S j «(jaj*.)> * ) I 

jji i>i ^a-LI I j **' q J 9 ii n**t^l 4 ji ill (jl LJ I JLA (j^, ^ i« 1 (ji LUSLajJ 

. partially instantiated Lujj>. 

(jl ^iiLaJj i4_LLaj(JI aJJt ^jlS L^3Lclj_a L-*ss-l J)aJJ3 iJlILuk (jjSij Jljjj 

(jaS^J (ji (jSLa-i ( 1 3-a ^i«-a) I Information <jSLlj « ^Lta <_^aie-Ju» person 2 (jaSLj 

.(((CjjJJij 1 SjjLajuuMl) SJL>JI aJJt (jr^) ' £ lJ-a^ Sj^Lfl 
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tJ cl..k.oUI .ISiJI 



1 *J j L _ r a> s jJl 



2 *ij ^^A^tjJi 




1 A^UJJ 



INFORMATION 1 




j^-V <U*flj iajAjw i yv*Ji> frUaPj jcyti 4 — 5 J^-i 

O Lj-ilaJ I ,j_a 5_cjjij*js I jut j^-yj .Incorporate «j_o.j!» ^ o i (_yX>2 



Li >_! 4_La_ 



I j Lajj ui j^l jjj ^^J! cjLiilaJ! dJJj j-a-b (_g jJt consider J lajl I) u <i i ii J 



The problem of pronominal reference jrfU^lt drfU 

(8) " 1 . 

Jacques Pitrat Ij^Lu iiJL>J JLla ,j_o 4jjij(_a <LJL\]I J-«^J! ^1 

jJaLii! jjjj! (jjijjdl J-^j? 
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6&uhJI OlaU X3 S\i\ JjJboJI iSjb l _>Aaj 



(j -i Lta3 2 a j a > 3-j-SJa-La jJVj" i ..I 3ji£.La 3_g.l j ir-i <jSLa-i V «bi (0-C.j iSJLs. 

i«Ij_u^ «LLo Jjirsj jdaJI (jjSLj (j! j_L«j La J^j-jj j_J LjJL 1 \jjt 
IjLala dUj£ dilj (jL£ Ijl (jSLIj iSjLauJI «L2JI ^ ^jjXl j_L«j La 

<j-a jJsaiU liJjl , £-a I j S La ! " dilj Qi^ J-*J SjIaUJI ^1 jdjJI J-<-ujf lil 
La L$_La J a" i u \ ijr ll1 4_3j-*-U ijr A La ^Jt LlA jj-JJ (_£J-J1 ^JIJ i ntlj S ( jjjjJ_L1 
jjt SjL>-VIj ^2 1j j . ..tl jj^i cLvjjJI <JlX£j 4 K uiXI JiLa (J^e-i LiLijaj 

SjJaAJLl L^ i ' -"'^ * ijr Hj!-LLi^j-»-a _}1 ^a-a ( j-a d * i n**( a 4_tiajj-C «Lc ^_aj?e_a ^ JLa-" 1 n i 

CjLs^LhU Li^ljjlj LJ^s. ^JLlILi I r . ..I . J^Li- <j-aj 3 ajl . ..II commonsense 

. 4-u.ul j i nil j 4_ui 
dil j 1 1 Jl>. 3JLJS J£l miU tfj-A Jla Jjo jj! (jSLaj (^lll Sjlajvall £_a!j_J! j 
^LiiLaj 3J^M ^ U . djf L<JL>. Sjiajj-jll 3_ti2l!| Jli ^ Ijjv i_c«-LiaJI ,j-a «b! 

.2_uL2JlJ!j LaAll 4^jjtl.l (jjs tfjut JSL! 

IJlj>. SjJL»_a <_sljLjfcV (.-. a a i JL3 ^Lti S^t^LJI jjsIjjJ! OJL* Jla j 
jj-i LtaJI JLjLc lJj>. G (jl « Juk (_JJL>.Jj . i3_jLil! ^ Laj i iU LsjJa ^> JLa-" i uJj 

Jbj-jj jj-i LgaJI ^c-*-uV! Jju 1 a K ^J^J LajSj j j o L^aU JjjLi_u w La *" 

,4juj 4^>Lc i^JJ^J-J LaJ£ 



The Problem of Conjunctions & elliptic constructions 
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. »l Mull (j_J».J J,^ 

$ <<U,„<\\ SLuUl 3-*_^Lc La 

■ *U»tl a |< iSi a j_a J^aUlJI JLJI j La sej (^oJI j^Jj^l Sj£LiII jj 

j_JuL^a 4-JLUI 4la->JI ojl£ Ijl La J->j (j! iJjLstj it_klac J^-J I <iK 4ji ( _ ;r a 
1 r j . !j_lj>.| 5_aJUa-"i 1 11 U Sj^till 3ji£.l_2JI £-a Jjs^l Lujj>- 3 J ui 1" a 

tjjLuJI JUL! 

: C-t-j^HJI £-a l_ujj>. d j ui (j"t a 
^_*_o1 3l.il ci"*"^ 

n <i C-cJlJ» 
. (J-auiJ 1 LlA ga 2 * * Laj 
j-uLlaj VI La.il » j" 1 ui (jSLa-i ' l^>- °_J-£^ Ja->«JI * _jjjJ Lut CjVL<Co.VIj 
^'■"J 1 C dJLut (jj^J (j! (j^-*il (j-aj 'fl jl ' "II J-r»JI (ji^. jLallcVLl ji 

*. JlLa Li_o I 

(((jjj-J J-Llj (jjJn'j 1 nil jLjSLJ 3j_4^t^a CjIjI j 1 nil l_ialjjs)) 
i—a^ljAI ^1 JLy" 1 11I (jjjjjj.1 g-jLali ' (j^ J-^I^JI (j-a (j-"^ *Lj I i^p- 

li La jojtjLi^ (jlr I j j 1 a 2 " liilj (jl j»l 
(^jJI CjI nKII a « j I 1 algjJU ^\ JLa-"i 1 ..VI 4joLj j-j^I 1^ ijJLufcj 

( _ ;r i L^a I Jiitlu/ 1 j 4-o.Lj (j_a i4_LtjjiaJI CjLiill ( _ ;r 3 tLjSJaJLl I Cj^LaLnll 4 j un 
■ jl , ,, A" , ,,VI I j U. "la . (_£jj>.| 4_o~Lj (jjs Cj Laj U U *L>JLta 

t_!ji>.J JLajI/ L&Lulj ^ylll Au^i^r i"itl l!iLjjiL>JI JJX. ^ 

aLjj— 1 (jl (j-^-a-i (jy^II ^ ; jj ' ^ 1 1 4JlL11_i (Jlj 1 nil Ijla (j^, Ljj-^. Ilil 

jjulj i^jJI j jl . .. A", , „VI ^ j^i-Vl «j^*JI 0^ idjLjLuJI SjLcLa ^^L»~u^\ 

:4jJLUI 4jtJjVl JISLiVl (j^s JSLi <U^. j_lxjl1!I (j^Uj J-^JI 5 SlaJLa 

LuJjj * ) J-o* J J I o mi — d 2 La * a - I 
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6&uhJI OlaU X3 S\i\ Jxlalll iSjJs l _>Aaj 



LuJjjl^ » i^_l>. jl LuJjijl^ (Jl o mi — 4JiLa 



LuJjj * ) 3-0* J LuJ J)j 1^ (J 1 o mi — d flLa 



jl 1 .^al i ■ eajj (4) pjSj (j^/ i(3) pjSj jjt call Ji-o-jJI J'C ."ill j 

j'"^ 1 4jr 5 LLjJjijI^ * )^_l>.j LuJjijI^ (Jl o mi ^ <j i uj (jl (jSLs-i d 2 la * q JL>.^j V 



Terry Winogra .stj^-j-bj mJj-jj tr^ ^-*-. <— > Li-LJ 1 (JfLso J^Lil 

Wendy Leh. nert-^ ' °\ljj_jijJ ^Jijtij 



3-pt-i-j-taJI cjUlLII J-jJ^><j ^ J^j taJ <_pJI J£l miU (j-a jjjjlI! dJLla 

SJljI_3 l£]LL& (jl£ Ijl ^yilaiil Jlj i nil ' dl "Ujl^lL tljLiil 4j-jt ir-i 

(jl . 2-jj^e_cJ! j-i^. (_)-«^>>JI (j-o j-uSJ! ja^a , ,. i LijV i<-dJ j (j-o 

d <i K tl p j aj (jl (jSLxj (jH-II Sjj'i^tl (j-il » q II <L*_uj d J*J ua.ll CjlJtUI 
J la j i ■■ i(JL«_>JI (j_a j_ljSLII 4illl w La «j (_gj-!l (j njltlj (_p3jjiAJ!j SjLs-ljJI 
. l_u_u_uj LiJ_>u pJLjtJL] Ll^jjla (J_lL4_i ^J-^ 3 ^J^* 0 (J-*^*- 1 
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JSL1 Jljjls- (jtAj-uI ^_x£jf-4 iaL^j tjSUj 4jL 4j3_Jj>oVI ^ ^jj^jlJI 2L*iII Jfs ^ iaL^VI j-uCu (I) 
the cousin of the Su^_J_>ij V I SLiill Jj-3J1 g-^laj - M!La3 SjjjLse-a ^y^" ^jJlUJL^ iaLJaj 
LuSLxjj the cousin of the cousin of me king jj^SJ^ i^LJaVI ^J-^J ( _ r *jjjl t - T ^J^ a ^L" 3 ! o^HJ king 
1 I JlSLaj . . .The cousin of the cousin of the cousin of the king ^jiLrJ J-jJ-^- ^,4 ■ if I 1— iaLbj 

.(pjv^jJLI) IjlSL&j ..^jJL^JI ^-jLj < *-* j ' tJj-*- 1 ^ !jlijl>. 1 ^ ■ ..I 1 • a ■ ^cj ^jJL^JI ^-jLj c *-<- ! ' 

.(a^PXI) ,4-ULulaJl CjLiill 4jj1j£U1 4_*_ulaJI <JUj>JI oJJt, ^=>y (2) 
Jj^tjj _d (j! t_£l A->B ^ JLcl^a p tiaj context free grammar (jL.mil (j_o j>»*ll j-=-<JI (3) 
aJ *»- j ' "I _L3j . j_clj_3_ll t j-° £j-<-^ I (J-J- 41 3 - .' k*" (j-^ '■^^J-"' _l>-^j V_j B j^^JI 

Syntactic 4_jLl£ ^ <LL^j*jJI 4!bj taj ^jls LsjJc. 1957 ^Lc j-»-*JI t j-a £j^xJl I ^ySL^i-aj-jij 
J-llaj ^ j ir-p \j g ^-j \l a IjLji ^ T c^SjJI (_dJj (j^ Cr SL.-u-oj- t iLj j-ftiz. I . structure 

^±JL_L(t (j! ^jJL jjJl>.^ .transfonational component j_»JjJ I (ji^' f lAgtj 4jjjlUI =L3jjlJ,I 

4_jj_iJJI 4i5j>_*_lJ (JjiLoJ (jic J.iL-3 ^L-Li-aJI (j_a j^jtllJJ j^e_»JI jj! jmUju 4jjJL>- 4jJLjJ^j CjL^-Iaj 

Generalized (1985) c_jL£ ^ ^ajj Gazdar jJajl) jLu-JI o- 0 ^JJ- 3 ^-^ 1 o^L^Vl ^ ZLuu-ilaJI oLiUI 

Phrase Structure Grammar 

(4) Woods, W. ( 1970)Transition network programs for natural language analysis, CACM 13 10, pp. 
591-606. 

A .j 1 0 1 j ~ C I <J-4^>- Sj-C l£JI_1_AJ "'j" flJI jj4 J-3jJ' » (jH* 4JU_>JI (jt Lul i la '■ (5) 

(6) Riesbeck, C.K. (1975). Conceptual analysis in Conceptual information processing, Schank fed., 
New York, North Holland. 

(7) Riesbeck, C.K. (1978), An expectation-driven production system for natural language understanding, 
in pattern- directed inference systems, Waterman and Hayes-Roth (eds.), New York, Academic Press. 

(8) Pitrat, J. (1978), La programmation informatique du language, La Recherche No. 93. 

(9) Winograd, T. (1982), Language as a Cognitive Process, Reading, Mass., Addison Wesley. 

(10) Lehnert, W. and Ringle, M. (1982), (eds), Strategies for natural language Processing, Hillsdate, 
N.J., Lawrence Erlbaum. 
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yja&i -.^ N ^\ **£U 



2 alajf jjj Jj^j^II Friandly SjJj 5-°l>> JJJ^~ 

<_3JL£-> ■ I j i a a i V. , ,, i jjjjlj Cj Laj mi cL>JL«-a 
,j_o ^^iSLII (jl li^o-J .CjLojLlU ^1 Jj^jjjJI 

ij»}Ldl jo^S 2 K mi a (ji^: J uaAJI I JL* (^3 Luj>JL«-a 

(I) (I982) Joj ^1 JuUI <>. ^jJI f 
3JLUI (d^a (j^s j»M£L!l ja^a jl .Witten 

: ( _ ;r Lj La I j i a i i_iLuj/I SjuJ dlljj 3_ijjSUI 

, f >LSJI *LSl 4^ 4JVj L$J ^ 

' afcauj 1 1 Uj , , a " jjSLj La IjjL) ^^LSLII (j^ 3 - 1 "V 

,jj>.| ^Jl j.a SjLulII j-^' (3" * 
SjLulII ( j_oA1I Jl>.I ^11 JliJL^tllXI Jjlaj I d u se j -_>« 
^ j ui—fl—LJI 4_j_!l_^>. i_i i ■■ a. '"■ *j j a 
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J I l_}j»dj_a JjLaJj (jL£ l!il LI L*_u JL>.I ^11 ' - >j ' 1 1 Jjla-l i_£lLL?c_i ^jt (3^^ 

.(_fjj>.| Cil <i K £-a 

i4_JLlII CjLaJSLJI 2 j"j i all SjLS/^M 4j- JjJls. (_l!Lia> i ii j I -_a> 

.5_JLnll ^UKJI 

ijila 1 1 JL>.lj Lolaj «L*^JI LaLa-i d a b *- 1 1 Cj I g K 1 1 (jjSLj (ji - J 

. pair peeper ', right write, rite 

J-i-^l_ULll ' " * ^^iSLII ^J_lL>o ^_alj-l ijr ll j_L>.Jill (jl i _ ;r A <L^_U_Lllj 

^JLc ^_u_u_(JI I JLA ^gj'iTj ( uj . (J_t-a^M ^3 5 *t 1 c\_La_>J1 J J »" fiLu^_t-£lJI 

.^jJLjJI oJsjJI ^ (_p3jij_ii]l (j i .i-w? ( _ ;r Lc '/.30 <j-c I j i n't (_L2j V «LLii.l 

.S_J^?I 2L>JL*1I ^ JjJL*l!l ^JX. (j-a 3j_ij£ 2-»-J-> (jJJ (jJLlILl lS-sJj Ijlaj 

C)l oKII ^ J ' " 1 t _^^iir**( ( nl j^^-S- 1 iCjl^_i-£3^M ' 'I fll lj-$J UjUJ 

j^SL^-j 1_Laj . j ' "II I J-A ijr s cjI ^j-a^/l cLiSL*3_LI cjLosI 3*-!! ^^j-*^* * *i uitbj 

Lj 2 la * a LLa_]1j-j_a Ijl i u a 1 se * ^ji (J jl"»-**<l1 ^_aLij-i d 1 j a j LtaJeJu ^jl 
ijr II (JjL_ut ^_3fcJI (jt i.'i M . 4_i£La_U Cj La^ Lt t 1 £_j_aj>. LaJLa-" i n a 

^-i^/l jl>JI Lajj?<1 4j>-j.s Jjjj (jylll CjUJJ 5_j^Ij j-lc. bottom up ^Ir I 
C) La j I < a LaJlJujj top down JjLj/^/ O"^' s ^?<-5t-*_a 4-JLaJLJ J-aSu q \ 

• (jlr I 1 .1 a ( _ ;r Lc CjLa^Lt-aj pragmatic SjjLaLiaj 

DjJtj 3 'j a * 1 1 ol <i K II j-u^-i 4 K i"i a LJLs. 4-aJLi>-" 1 nil 3j^>-^/l ^JL»jj 

J-t-ajj L>.L>o L^j^ Lojl2j ^_a1j-jJ1 (j^_>»j 3_}j»iiU cjLjJSLII j-t_uiILl 
V oUKII cy> J^^X VI ^ 1 jufc o.La 'Lea LiaL /.99 , 5^1 

CjIj^I <_dl_Lfl>j .(—jjJLjs JL>.Ij ^ K"i a L^Sla <J (ji i_J tajJJ «Lai^ 120 (j^. Jijjj 



Levels of recognition MjAmJI yL ^m* 

^Barr jLJ L3-3j 4jLa ■ 5 j~j ■ ^ 1 1 SjLiyi siJlJI 3Ja2j ojL£ Ijl 
:S_JLlII S^jjtil ^1 j^l jj ^Ir iJjS U p j*» 
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I % ri'i n 1 1 uulg? ijasj :pUSJI pxgs 



.cjLjJSLII ^ Sjijl _jJI CjI j-loVI <_)^>! (Jjj-^j . Phonetic <Luj^a]| -? 
cj! j ir^^fl (jJaj <_a^to-l joSLso jLcljill phonological: Sj^-^Jjj^All -<_j 

p j se Hi \\j i^LJLuaV! (Jj q j ^lj la * JlcI^JlJI £JLA JjLLuj JjLu_ajl (_5^\lL>.L) 

.fell 

^'"'^' a J 1 J^tJJ ' ^j 1 ^ JJLao jLcljill .morphemic 4j^j_^aJI -->. 

1 ju j-* 1 ?^' (2>*-itjS jLcljill ojla J <i iCjLjJSLI! (jjSill 

.fell 

j j i 11 i_sMlo.VI ' aj.oj ^pJI jlcIjJsJ! (j-Aj prosodic: 2 LalJI 

• tJIJ i nil 4_iL^j ijr 3 ^JljjJLI j-^II ^ w - t -i r JIj 
.J^ijJIj CjIjLjlII pSLr>o (^ylll ji£.l^2JI (j-Aj syntactic: Sjjj^jjJI 

^1 < i" i nV J_«_>J!j ol o K II ^1 jij-" < ..I JlcIjJlJI semantic :4_JVjJI -j 

^-al i ntl (jSL«j ^M^-II ^ylJI jLcljill pragmatics: <LuLsj>.|j_i -j 

_}j»j?e_« (^r^' p K**< t, 1 4JL_ojJ a^Ju^jJu Jji^SLj ^jlj p K**( 1 1 Lil^j ^1**< i" ( ill Qja 

^^iSLII jo^a lij^SLII 2jj».^tl LuiJuj .Sj^iill 2JLj,jJLI ^->U,„tl jj . ..A~,tl 

JU>.i i^^l_SLJI d j I o*l i L>.l-LaJLl ^JLCj 1 It ( j-JjJLt^aJ3 

£j^a Cj J_>»JJ . lull (jj-ll j-^>>VI £j>.j-l L<l-Lu . p aj t, 1 ijr ll ''^11 

UaiJI cuUKJI jLoi-l Jia ^Ij^f^l ojlSLai pKlHI 3-*>.jj *LSl *LUi.Vl 

^ j S 1 ^jt i u II w I C J . a 1 II 3JL_ojJ1 £yz ) i tidj 4_lJj-C ^ Luil jl JLt^sl 

(^1 . . 5_aj mi U JjLujJI (jjs Ijuj j j'a ipK'U Lgj j»LS (_ylll 3_JLjjiJ 1 q <&ju 

L^aj (jjiLiJI (Jl ■ jji 3_aL«JI ■"«! laa«.^ 1 1 (j-oj p J all pSLjo <LSoa.a 

• ^» t^o^tllj jlj£lllJI i 1 1 1^**'" 3j-u^ d l^i i nt 
dis-) j SJVjlII (jJlSm j plSail SLls-^J^SLu^ ^Jl Pay j_aj3 I -6 J£L^ ^ 
CjIjLQcV L(lexical) j n_4j^ljlUI ^1 (Sysyntx) j 1 J^-'j^ ^\ (course 
ph (Phonetic) j i4jjjjJaj CjljLil£.V pr (prosodic considerations) j i3_uijajLA 
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Uj 1 3 ta j >■ II ? Luaj-i^ai! Ej K*i U Jl^£. (jlaJjl jl gaJ . A j 1 1 " 1 1 j"j call 




Some speech-recognition programs 
^LajJ! Sjlj^j (ARPA) 2 a, i SlXI iliLstj^! £jjJkj> 3Jl£j cJj-o jl2J 
(1976 -1971) 

j-oLjjJ ^LljJ i." < se j 1 1 i_SJL& (j^J J ■ V< 1 1 ^Ir jit 

VI (j-l-CJ SjjJLa_a CjVLa_o ^3 (J_«->J! j i a se UJ *L«J£ i_iJi ^1 ^j>. p i "aJ 
Sj^c U IjLA JlSj . 4jLtL *j uiC j-aLij-J! I taj. d 1 1 ii t (_JJj(jj 

^iiit j£j Bolt (Newman) BBN iBeranek and Speechlis L^io j-oIjj 

dji^UJ (9) HAARPY ^Hearsay^ ^ ,„ 't Sj^cj <a^ > AJ| 0 „^ L! HWIM 
System Development £_o Q^UlILi SRI international CJj^is Li^ iQ^Llo ^^a-ujl^ 
j<uj/Lj L»-oLjj_/' j» i_i ^! tUj^ia j ^'°^SRI SDC\ ^oljj_i Corporation 
.Bell Labs ^ 3JjU-« JLa^i dJLut U£ Dragon 
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I % mi n 1 1 uulg? (JOSj :pUSJI {0Q9 



Centre de Rechareche en Informatique de (CRIN) in MYRTILLE-I and 
II Laboratoire et de ^ ^ESOPE £_aLjj_ij i '^Nancy d' Informatique 

^Mechanique pour les Sciences de Centre National d'Etude (CNET) 
(16)^ 
(17) 



Lanniondes ^oljj_ij ''^LLujjLo 3jlxL*j Fengenieur ^oljj_ij ^'^KEAL 
Jj j '<jy-x^ ENSER j-aLijjj Telecommunications 



Hearsay « ge«il» £LjmA 

^j_a ^ ^1 JLa-"< u\ ^jt lILJ!} f^jjju^ i4_usj-A fiLiLjjJaj ^_aLij»ill I JJt <J-aju 
(jJI 3 mj,^ tl) tf^ic:! cljj^i ^yll! S-lsLUs^I c!jLayL«_al! Sjjijull jjL^iII 
jlsj « Sjj j i ..tl » ^jj^j Hearsay-II ^ jLa-" . .nj j \l . ^.t I (yau Jjjt^j f£u 

. I jSL&j (_£JJL>JI 4x-iJlC ~ j i aj (_yjJI jjLli!l 

^ j"j i-aJI CjIji^-j-JI aJJt < la u j<u segments, 4_ljj_i^> Cj!jl>.j ^1 d j"j t^aJI 
.ol o K ^1 jJaLall a jut pJajj pi Possible syllables, S_i£L«J.I ^JaLall ^1 

dJLj^tll ^VjJI (_)JL>JI (jl £-aj i^jjjg uA\ i_lLjjl»jJ CjIjLjju j-aLjj_JI 

(J-jjLa-jJ I Jlj>. <LaLc ^J-^ 3 J-sej i uLi ^ o i n_i VI . . (_£ g 'j La uJI «^t^a 

. LtjLpi.! ^pJI ir-itl djIjLiVI 
2 I ■ ■■ 1 1 j <l LaJLl <j-a jjlkJ Hearsay j_aLij_jJ ^L«JI i_t-<J?_pJI ^ q . .nj 
( _ ;r J5 j_al_jj_jJI ! J_& j»JLitlxji! Jl2Jj . Lo 4 K i"i a (Ja. ^j^S (jjLujJLi Cj Laj Unit 
lJ ^- i j\hX\ Jjj i .i (jlr-^JLa-" i ..I J-ifl .^^ISLII (jlr <_Sjjil!l 1 CjVL*js 

4_uli]l 4ir i ii ill ^La i>JLA j-ta-JI 4^j>.j ' ^ij^?^' Jjl>^' ^J^ 5 * Cr 3 

I jut Jjl i" i i ..j i«j j j ■■>■ a I la *^« L^j-II j la '_' La LJLc. Hearsay j_ol_jj_i (jjs 

j '"-^ jj-u^sL^JI Jj-ajiJI ijr 3 ^-ua^XI 

Myrtille Jnri 

^jl I ( J_jjj-lL ( 2>^- 4 - 1 J • crin ^ i ii l tli 4_»_aL>. ijr 3 2 , I ^j-uj-ua j-j^Iaj 

(j^o IjJLC LaJLy" i ii a ^ jlC I tla l al CjLiJ (j-a ljL>- SjJJL^a J-a^J- (jy^- <— ^J-*^ 
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Top J a ■ bV (jlr ? ,j-a LoLLaj £-oLjj_ill ^Jij-" i ijjj . 4jLtl jjLjtU V Cjl-Sj-iU 
plr (jljLus 2 J_uj_us t^gir" t ,il jlsj ^Ir LiK jUijjljj Down 

iiuJL>JI 4i! t— !jL2j J^e-iJ i*L«J£ 375LtJJi£. jijj Cj! Jj^xj 4jjj>J! J-*! jiaJI 

1 jA,^;,„ j HWIM ^ 5-ajj-"i i ii U « Islands of confidence 2LSILJI jj^>- » Jlo 

3 ^ i imLj 4JiLaJLq ^3 j La o" i 
S ! JLc j-±a ^ 2 La * rt ijr 5 4_peJj (JJJ*^ 3 tj ' a** 1 '** 1 J ^ ' " (J-^ 

Control strategies ^jtlll CjLje-ulj'i u\ 

2 -i La j? L^ajLieJj-i ■■" ^H-I! 3 aJljJU (jjj-k-" C^V ihH^ ^La^tii-^ jbjj 

,3^-" (jUilj-gl i il"- »J,l L$£.lj-iLi :3_aji >-"i i , i 1 ,1 £jj ^ 

J'C i"i ) a c JSLilu Harpy^^jLa j_al_jj_j ( _ ;r ^ cjI jj^^M Jjix-i 

L«_Lu i ( jjiaL>J! J i — All Ltl_Lflj^sj ch^' ^jj^' (JL21L1V! cjK j i"it (^Lu 

(jjSill CjI jj^jV! I jj'a jLajj (jl (^-^' 4jJdiJ,! CjIjI 1 11 U (jj<l (Jfla-i 

J ir~ijH.il SJjijJ! jj 1 nij 3 jl of 5 I j^JJ .CjI nKII jJaLall 

« j-i 2" 0 'A>^' w La «j dJJ . (^Lj-lII J*C ."ill j <i~ 1 11 U jl 0 1 11 U 
1 ..II (j^s (_>"jJ o!j '3x.j 1 ..II <Lo. Li 1976 - 1 97 1 <j-a Sj'iill Arpa 

4_pe_uljILi_ul LaJLa-**i i n a (^UijJl ijr II jl i imTI jj-* (J-**-**-^ C^J^ lU-*- 1 ^ * 

V LojLLc 3_Lje_L3lj " 1 ..I (Jxta^l (jjSi V ji^ (jr^'j fan-out strategy 3_o.jj_a 
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I % mi n 1 1 uulg? ijasj :pUSJI (ixgs 



jj^>*»> j^-Jjl lIoLaj^ «L*l1]I ^j^* 1 1 4j_aj>JI (j-* 3 L^1_lL>o (^^Jl £ Ijj>.VI 
jl i njll (j-a Lai (jJ! «3jjj^>-» lJt!^-^' «lslands of con fidence 

SRIXSDC J 2 Jjjj-us (j-a (J£ ^> JLa-"i i . jl i njtl (j-Ui-JI (j-a jl (j-Ut-iJI Cr'l 
^•LljLi I j i a se a (_yjJI CjVLai>.VI JJLc (Jj12j SjLc (jSLa-ij j'^ I I j-& 

cj! n K II jl_ilL>.!j i(_piaLu (_gjJ! ^jj^sjJ,! (ji^. i>LpjV! j^jj cjLj*_oIjIL<j/I 

(jj: Lajj-a HWIM £_aU j_l ^jir"i,,ijlj .(^JVjJI ^jlmXI ^^JL VU^.1 >£VI 

(j-U&Lsol (_y£ (J-iiitll! jlj n" ( 11 VI j<u iCll n K <ic. j^aJ*-a (j-a jLUiil J I SjLs-lj 
. (j-Ul-JI (j-a 3_jaL^ SjvjJLi I i_3jJljJI /<u (_yi!t 3 aKIl (j-a Ujj 

3-JJj-a (^ cULl (jjfcljJI oja^JI lJr £ ^^l£L!l (jlr J-alj_l >lj| j-J-ai 

<- i 1 1 11 II (j_*£LjJ . 4_jjj£JJ d j < jjUII 4jtUI ja^a £-alj_l «.l (jjs jjjSLi (j-i-ll 
La-a 3 j"j , ^ tl 3JL-ujJI ,_LJL->o ^yfl - I taj»¥l j (j^ljjjl ^ diljj 0 1 .1 nj-II 
1 1 1 La-a^J I <U-m-l J-jJ-Sj (jSLa-ij . (J-lLkjJI ( _ ;r a (j-uLJI j»J-a-> (^1 

. d I j I ->o -itj-U j»!>LSLII ^-j-usa-a (j£, jjj CjLaal«_a ^1 JLy" 1 11L 

(j-SLai lilj . .ijj_j*_a joJLc ^Ij^al ji ^LajjfcVI JL*-a JLjJjo I j-A l_ 
(JL2_lj_u I ii- L^J (jjajajs CjLlSjj jjJi2j 4-ul£Lal jLa (_psljIiaVI I JJt 3-^"^' 
VI .jl j"rVI ^ ji-jj (jlll 3-ua^aJI djLUslj^aVI ^ J-a j i^i"i-W3 di! j Jjj 
» I II CjLjj" 1 11 U (j1_j (_LcLfljJI (j-a ^J-JI I J-A 1 J a S J^j 1 nil (j-a (j-ujj 4j| 

.3-illiJ,l 

(j i n se **< j i n l 1 1 nL>JLi «Luaj-£iJI j^_ajJI (J^. jl (JSLjUij (J^2JI (j£La_ij 

U I C i_ajj(JLll tLttJajl (_ ;r a L^JLaLCjj d J~J ' a ^ Cj Laj Unit (j K i"i (J-Jb>o (J-aJLJ 

• f >LCJI 
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4*M0 

1 , , -»■" (jjSLj V (^-^>> l ■ i uL>JI ^Jl?-**( i nt, d 1 1 ii ftLi 
j U ^ j 3juaL>. 4_i£, l_LLa_t-a 1 4^t_aj-i 4JLI 

j tlj ,<i j 1 1 .tl « p tVi ;1 1 j aJ sej ...II Liiajl tiJLufcj 

j—jjSjjJ jjs. I i. u-m dJLufcJ . i. i < nL>JI I Jj'a ^> JLa-" i uJ 
natiiral-langiiagp-2 j . j . U tl CjLiJJL] ^Liiu J-oljJ 

aj_st.j i .i U oj-^i ^ J X 1 (j-a 4ji interface 
I jut ^Ir j CjLiLuJ! SjlcLja Jj i-al "^J-S (jlr 

dJLi^a JL>. ■ Jlj i ..II j j i mVrtlj JjjQJI <j-a 
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jljJl«J! ijJLutj . SjjjijJ,! j_oLjj^J! cjIjjJs 4J ~ ■ *->"'*' La jJ^. ^Lojj&V! (jl jJLaj 
terminals <Ljj3jJa <-»! U-» ^, jjJiiisEj <j-«-« SjIjVI t_ulj_aj (jjjjjlU <j-a 

<_ . I ||L>JI J-oljJ 1^*^*-* ^La'L&V! j»JiJlI L$J ^-o! J^C~U-u\ J jjj jtt^JjlSLa 

(JJU. I (^i^. ojijj menu-driven j<uljill Cjli "ta^Jli! £-alj_JI jl liilj .«<L.5j» 
^j>. «Ln_L4^, CjLo^jJj 3j^?e_iIo <J^L>. (j_a ^ Jl^-**i i M U (J-a-*-i (jl < 1 1 Lajj L^jV 



Interfaces at different levels: :UliAlt £lLl$Kall (jit mLnnmJI 

Jlj^- j intl (j_C (j ^ * jl ^a_& d m i 11 ^_a1j»±]l (j-o ^^jj-u-UjJI (_3JL^J1 jl 
J i auj (_gjJ! ( _ 3 jj/Lj/^/! j-aLij^ll CiLajUU ""jLcLs jLUj J-*- 0 Jjj^jLajJ! 
^ JLy" 1 11 U 4-"x. Ld£ ' ■ cllaJI Jjjjso (ji^- j-a!j_JI Jjuijj i4j 

cLj_Lj_J1 ^_a!j»il1 La^Jjt :4_j_u_J1 ^-olj-jJI jj LaJ (j-a tj-U^** i n a l_L& ( _p3jjt_u_uj 

J'C i~i ju>.Lj (JjtAlLi cjIjj jlsj jj ^lajj iiLajl jjjLJ^a JSLii ( _ ;r a 3j>^>.jJJ 
se 1 ^jus^jq oJljLa w ijr jlilJ! ^^"i i nt I ^joIj-j Lot i^jjl^tHJ! cjL^tllLI 

•."LJLl!! (jjs oljl M i iiln iMJ 

(j^)) liili JLiaj (_gL j»Ll5J! ■ ^ .IU~.~. V ^yll! cljljl mjli^VI - I 

iCjl_iL_u_>J1 ^* 1 ' 1 1 Lajj ^jy^-Il j\ CjL>.1**i f"i i nVI ^* * 1 1 1 Lajj (jy^-Jl ii f 1 1" -2 

JIJ^JI Jlo (^k: 4jL>-!^J 

J\ J^JJ (jl O^^f (jOJjJua (_gi (j ^ igj 4.al 1 11 U jji JjjjjJ,! (jjs •J-"^-° 
^j-aj-JI 9. Lta£. j jjSLx-i \\ Lta^J \ fiLcj-*_o 1 la 1 oaj a Cj La^ LtXi (j-aj il-luoj 
.(jO-yoU tj*-i jLtaill ir" 1 11" Ji^ (_gjJ! ( _ 3 jjj_211I 

ljr it La Jila iCjLiLuJ! SjLcLa ^jjs al^>.jl\ Cj La j LtX I Ciljl 1 iLflj ■ -3 
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fj A Uj £^ 3_5^>.^jU CjLa^WU ijr A La S3jj2.La]1 L^j^-oo (jjjH CjLjl_j_J1 <J^JL>. 
-4j3jJtl! ^IjJ Lo» Cj Lo^ LtXl jj-* 3 £^9-^ IjUfc ^ 0 1 11 1 (jl (jSLsJJ S«Lt_L»_a CjL^jHj 

, ..A", , ..VI ^jxuiil I jut ( _ ;r Lc. Jjuij ^pJ! £-atj_Jt .metaknowledge 

Sa Robotintellect (1) Ladder (2) phir- (3) 
iijljjua 0 I r 3_JLiJI oLaLUsV! j ^ k" (jl jJajiU ^ : Cr iL\!t ^j" , ,iU 

:2LaJ)La]! SJLlLoJ! LliljJi-uJI JjV! igjji mXI 

JtjjjJLa Sj» 1 983 ^Lc 4o.jj> ^ . u n-^j 4jLo SjIjoJ! 4o.jj> cj jjlJ j» ^ 3 jJ. 

-<o.j_uLo 4 j A 4jj_jL>jV! jL^j^/! J! ^Jal <ic (jl till j i<U (-;r i«-o V Jj^M 
d " A « I j Ij ^ Jjjosjaj i_3j(jj<-a j^j (J^Ja! (jV ( _ ;r LcV! JU>JI jux. <LalLa 
jJij^si ,j-a j i^i^l j^j liJLufc ijjSLj (jl I Jo. JjijoJ,! (j-oi) i^J)^/! JoJ! JUx. 
JL9j . jL$j5U 4jjji1!Lj <LaL$J! oLa-uJI (j-a (JjijJ j • , (^Lt3 (_Ltcjjla J^Ja 

J j 1 a aj II 1 5Jl 1 n U ajufc ^ jjjjj^ (J-"J J 
CjIo.jj Cj^ se 1 11 a se d * (^j-iLxJI ^JIJ i nil (^ji^. rt c^_ooj 

- jjjL^ JLuta jLi/l jlsj i« jo-jj V» SjIo-V! (<u 1983 j»L*J SjljoJI 
I jut ^^lc 4jIo.jAJ 4jJV.jCL.uVt 4jLjjlII qjla a ^jJij V Lijf ^Jl Daniel Kay ser 

i^lla 2o-jJ> 25 (^jt Jlj 1 nil ^ Sjj^juU SjljoJI 3o-jJ) OuL^ jJ Li£ Jlj 1 .ill 

. LlI^jjiji *ljj La Jli>-"i 1 11 ) Lul dllj 

3jl_u_u ^ jJtlu-uj 1 a 1 .ijJLl tjr 3 Jl J-*-^! d)^ j-J . SjijL^ (J^l 

(j^a ^jjl^i oLjj^JI ^Jl^-**i i 11 a (jjLjLLl! ^JIJ J J CjLiL>.I g I La c 1 -j>. 
3 I 8 . mVl j-jLXu dilj Kaplan ^ 6 ^(j!>Lilji j-l^^jj Jj aj Lxj Ljj3j^ jll21!I 



-.4JLUI ^LLj.VljS 

^jL^JLal / I 5 J-^l ^ 1 C 1 j 1 Lea ^ (j- 1 jJl «LiiLaJ1 ^j-* *• I 

1 983 ^jjjj ^ *Lo.Vl 
. jo. I V : 

1983 j»Lc *Lo.^! ^Juc ^ cuVLa. dJLL* ojL^ Jjt :2 ^ 
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1983 <Lujj ^yfl file ^ (j-a.563.LlII 2 ,1UH jjlc ^ :3 qm 

.Jo.! V :3 £ 

:jj>.I VIJjj/ (Jl<jij (jl 4jLa t 3j L>-"^? 1 0Jl$-i (JjL^JI La-LL '-'.j*** 
1983 ^yfl *Lp.| (jUtLal uILiA jlS" :4 ^ 



LIFER: jidl :4mJI g»t jmJI ut$df *»t 

uiljjV Iju*. La. ij^-SW International jjJo (_£jJI- «j-ijV» jjlj 

2 alajVI jl uiLLuIl SjLcLLi JLuajjL! 2j»j;^H uiLiJJLi Suiull £_alj_JI *Lli 
4_c j q > a ijr JI 4 ^e_Lll JlcI ^Jil j i a rt (j-° J-^- 1 ^ UJ^IlS . 3jua_>J! 

(ju!l ^tl!! Jlcljja JjJLsxJ ^JLa-" mil JLcLjiJ ljL>- Lj jjj_r>o uajUij 

i4_j_jt_j_uo 4JLI d 1 ^ i n^M ^ (<t^J L_uL_ut ^Jl^t"! i n" ^j5-Aj • I j » ■ ■ (j? JJj-i 
Jlj i n 11 (^jj^pJI J'C uJI JJLaj template L_JLa <j_o 3jx.LS Q^Sijjj 
SjlcLs (^Jl (Ji.j-1.! Jlj i .itl 4j J2Jj (^jJ! JSLjJ! I £>i« L_JLaj Ji-J-tl 

i ta ah JjVI l_JL2JI Lufc I ' -i jjj . CjLjLuJI 
JLcl ^JLII (j_« glx.^ o se c JLiJLreuJ I J_lj <_j_Lu11 ^xIjjJI ^Lu <Ltl i** (jl 
(j-jJ! «.LuJu^l Jjjl»o uLli 1(J lr VI mil productions 

fjj-S Cj\lj-aX\ CjI <iK_t LugULa i LcLp (^^Vl CjLjj" i ii U (jJk- j J (jl (jSL<u 

£>C ulLjLu SjlcLil (Jl J_*_o * ^J-^-j mi I -7 (JSLtli ^-us^jj .^LjU&VI (JL?6X 

S ^3 Ij-j j Lj ^_*_u . (Jj* uij (j^la » ^-^J ^i^" 3 ^-^ ' 
When will Bravo' s sonar be operational? 
•■(jjji 3 Sjjlj Category 3JjjJl,| jjjuo (jSLxjj 
■21j^^lt cLflJu>JLI w la «J cbjjL^ d , » -| 

. ( lJ L^./2i i 3/ l _J^) = :((jl^p-) 
I jut ^jj^sjj . sQiiis. jLii.1 (_g jJI ipredicate JjjuJ.1 2 U , „l -2 
I j a jj * J J^SL^-i ^j-SLJj ifiLujLgj V auaJ I «Lc^_<jj?E_a LaJuC Lal_A ^i_u4-i 

2JL>. uJLLa (j! LsJi . ^Llo 3u>. jjj| jluc.^/1 JiLa diljj iSuuaLi. 2 A , ^ , 
«L_uC j-iJLjj 1 j 1 1 n i I jJL*_a 2 1 j ^ ^ 1 1 ^LauiVl (j^^-i LaJuC ^J-^' d 0 ^ q 
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. CjVjJLII (j-a d 1 1 ill i ii ^ la i ul aj Ljj!j£u -3 
4j>JL«_a ^ I c-JlVl 1 f La JL9- ^Jt j-ijV Cjlj-us Jia-l jl 

*Lai£ \uJt fjjliLij i^Ll!! ^jLuJ! ^jjs Ld£ (jjjL"/ (J! jj-u ^1 4 J '< a us SjLJu! tiJLut 

S <- m a i n (j^>« V-^J '(J-" 



1 5500 



10324 



I t-s 



>^_a 



<P> 2 . . ~ "a 




when 



■ d , , ua ^_3jj>. 
<equipment> <preposition> <ship> 



<state> ilU. 



<article> <device> 




<existence> <good state> 



of 



Bravo 



the 



will be operational 



^(J^jlU l^_iiL>. ^Ijj jLj^tjj 1 1 ii i ilj^.) 3j-»_ijj 1-7 (JSLtii 

(«LjjIj iil)jl£j 4^j_<iJ! f_y£ • a La j 1 1 jajSj j-aL)j_jJI w ta «j) 

S j i n < tjjj ijj L>«^ * (j-u 
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.28750 .i_ulj 31416 *3j (JJi^a 

CjLajlj-o w ta «J jjij la i ol (jl ^JLa-" mult I i aj| j flJ2 o i njj 

jG_«j tiLIjuj i3JV! oLil j j II SjlcLs *Lb S-lAj^ S-SjjI £^1^ Ui- 3 

.i_u!jJJ ljUJL>. I <i i ill «SLalSLa» <L«J£ (Jjija-J :^JLa-"i mil 
S (j_uj^>. n tj 3Lsl£La ^-I^j ' ^JLa-**t I nil 

. (*L*^JI ~ *» ' -**_') SLalSLa-SLalSLa 

.5000 i_u!j 261828 e-kli^a 
/^LADDERMNLAND j-aLj jj^j ^ j-IjV j»jLaeluil Jl3j 

j-oLij-JI I JUfc (j-o jJlj^j JlSj i4jj^c_JI (jj i aJL <LalaXa CjLjLli SJlcLS Cj Laj I < a 

* s (8) 

4jL>.VI ^1 laj i JL3 ^oLjj^JI (jl «^u<->» 4-«J£ (j-lujj . 4J «L>. _jj jl (jSL«-s (^H^l 

.^uij-S5j^5i^c. ^><-ui sjj-i 

.futj S 34-00 N43-15W jjj^a J^H Aspro jj^u-J Jij ;~ , .1 ^ 
joJtj-Sj^tjJI ^1 Shark ijJjLJu Jj-u ( _ ;r lo 

,jbU lu 

. jqju-S (JJi2Ji_a jl-ilj L^J CjIj-jLLs d_LaL>. (^1 JL>. (J_A 
. jqjlj Sfox <j_u£^3 d-LtAj-u j-l^_>o ^jSL-a-i ^^ylLo 
^qjlj ^Charleston jj-mlj Lfu3 4_LuL_u jLjj_i_u ^^LlsdI j^^-^-i 

. ((JK)**' ' 'itjLfuJ jl^lj ^^ijt-al (2>^-4f (jy^-*'* (J^J- 1 -" I) J«JLJ-Sjlj jljJl 

-SjSj J_K)^j <— Jj^l a-A L« 
« ^ojlj-S g, 1 j£um V I ' la >■ L^-lL 3 _i jj>. "• (^1 

, (S 12-5 6 N l-ijJl>. 2 a j> a "■ l Si 2-5 6 N 1 . 'j 

: jt S^jj-jLso^I (JjLujJI ijr A La 
(S 12-5 6 N ^JJ-l>- Sj^jll 4jj-tL>oyi (jrtuitl La 
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ft. iq ■ i hi I ulaJUU fej^g y. 

^jlj-S^j-jj?e_j_lI! ^LlJ! C^>iJ J^e_u ,j ' " ^1 

L^Jjj^jj J^J-y (j-^-*-" 1 pju-S Le Havre ^^Jl LgJjj^sj J^J-y 

S Havre (jJ! 

dll jjj i<j-uliL3 <j-u£j_a 2 'j I 2 1 ) '"'Ijl i aua-VI JjLu J-^-i- 0 j» J-2j : ^ laa. ^1 a 
Le (^Jl L^Ja-i^j J^i-y ^i>f^ * ' " l£' (JIJ-^I (jr^l J k *_' V 

. Havre 

, p_*_j-S J)j-jj_o 1 «LujL_aj! ^^ji^. <Jj)J-*-al1 ilaji LgaJI p_*_u1 La 
pJLJ-SjjjUa (_Lo* C"^- -9~? t Ti J -^ LJ^- 1 -" (1)-° <— 3j-^c-lU jl i ii U La 

jojij-SFall River 3 ijii i ntl jj^. <_>u£ai 3 ijii . ntl jjlj jj* La 

.joju • taa» (J I a i"i Sjlaa-jji Zulu-5 jlj-Ia (j-a AjLaLj 

J! j^:^ 

p . i-S I j ; toj a »1 m a ^o_A La 
-5i la i "j"^ I ( _^Ja_u^1 jl^_J1 ijr 5 L^-u-a ijr L^. ' t-ula JL>. (^^H ^ ' -^^^ c*^ 

I , \l i d j.j ,Utl cjUULj 4_^Lu ^aljj L^j (_yjJI lSj-^^' Cj^ Cy'j 

(9) 

(^aHjcjj) (jjjLtJ! j-aLij-J! £_a I j mi n"i a Plaines, j-i^Ll j_aLjj_] CjLjLj-J! 3j^.Laj 

. (j!j_iIaJLi 

j j c J d j * j i Laj j-tIoLj_a 4_2jj-laj L^J «L>. ^aJLl ^ J 1 J_*_aJ1 ^-t-aj LILIa 1 JLp^ (J-ojlj 

a^J^c^a j-JlC A \*i < u 2 I tj^aS^j LaJLt^, ^_aLlj-aJ! j^_AJlHj La ^jLcj-i-o j^^J <4_Ua_aLc 
diljuj . J ar ,_>c. ^jsLij^JLi ^L2jMJ ^Jij-" i ii U i ii j Lajti^. jl idLi^aLc 

S cJ-i^jjij (jlJSLilj^ CjLa ' ^j^ 
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Si_a^jj>ji cJLtajjij (j^J^'j-^ cjjjs (.in .I Jjt 

VI on ,il (_g3 i I Q- 3 ' 11 f J ^"'"0 ? ^^T^jjJ (>JSLjlj-3 cliLa liU 

Why did Franklin Roosevelt kick the SLajJI <j-c j * < j I (_,-aLc. =USLlj LtjLii 
.(j<sj>.jjII . i. i i .iLjJLi J^LAa Jl «1 i .iVI I jut JiU i- 1 j i ujg bucket? 

(^ylJI (_bj->JI JLlSjj <L>-jjJ w i ] JLs. 4jjJiiII 4-o.LlII (j^s ii]l_Lfl> jjjijJj 

jjjjaj £—^> _oj (j I Jlj-ijj Ij 1 1 ^"jj^Li/ i ii a j I hjLjijVI LgL St 

-(j lU II j»JL2a]l <3-Lfl>ljJI 3JL>JI ^j^-J jt" i ii U jj-aj iljL>. SjjJLc ^ a b x a 
. ^ JL^-**i mull S^jSoILU CjIjLlo*VI ^ui^. (JjLuJ L 1 1 nL>JI ^ajjjj I 1 i**m ^jl 
Some Immediate Possibilities :3_JL>JI CjLiLCaVI 
^Jlj La-J-Sj . 2 j » j ! U 1 1 CjLilll ^ ^ p"i 1 4jJL>. i"'l daj L*JI_Lfl> 

: (IO) Waltz o^lj Ujul! (Pll ol SjjU-il l dUb 5uiLa 
(jl ^Ljlo-I tiiLla Jlj La (jSLlj h5jj>.V 3JLI (j^s 5uu*.j^JI ^ SjlcI 1 nU - I 

.» )J 1 1 nVI (j i n-fc-jj j^^^aJLlI <J^t-l dJVI 4_aj>.jJj (jL-ujVI £j>.lj-l 

j^jLaJI g. j Llj 1 uj LjJLa (jr^l'j ' I j ' l"j ,jjj|jaJI «ja^3» (^i^. SjJlaJI -2 
Lj_t£. t.S-r 1 1 (jy^J! CjLa^UU ^jji^. (_£oILr»o 4jLuoJI OuL^ l!il La JJ-dJ (jl <Cj-t^iJ 
ia-g-aJI (j-a ^oILa ^^"i 1 n a ^-^5^ 3"^ ^"^L?"^ dl i<*>J JL9j . V ^1 
(_£JiJUJ La Ij jLjj ' OJ- 3 LaLc L^lS (_)-aJjl JJS 0_J^d CH"" CjVL>JI ( _ ;r 3 

.keyword searches 2_o.Llflil CjI aJSUI d^aeaJI 
Jaa-Ltl J_a_«JI ,j_a jJLS «ljl_i oj 1 a I II jljLcl SjLcLcuil -3 

SjLcl ^lj_lSlj 3_j_a^=_iJlj 2 j SI a j II jiLtaj. VI 1 a ui£UI JiLa ,jut^.ljJ.Li 

.(j^illl 4_i£._aJ (j - * 1 11 i_3JL^j 2 c I j ' a II 
«Li_Ll ijr II 3_jjoj^3 4JlL 4jj^>JLI CjLa^ Lt 11 JjojrtlLl ij^jljaJI JLjJaJ -4 

. g. 1j-aJI {ja 4_til ^£ } <■ 1 1 nLu (jy^>* * ) jl 1 nVl jc^tHll j^^Lijj ifiLLtj-iis 

i3j_uSLII CjLiLjjJI JlC.1 jii (Jl 1 aj VI ( _ ;r 3 jaSLajJI JiLa ^ allic " '"'I flUxtaj -5 

LjJLc j j » a diLaaJLuji j-j^ojj 1 I * 1 all (^Vl (jLcajVI jaSLajJIj 
d ^ T>> iVI d , ,.lj i i(^cJI ..4_uLtii3 ' d ^ 1 to) d ^ < a ' a sej jj-JjLui uiX Ij 
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J i — All L^jJ' jl uiXI SjHil! ojc-JI j^jj 

tiDi jLj! JL3j i3 LaAlU J-*J"JI J^v £jLJ! 

(jl i ii )VI j La Laj (jl jJ-y VjL3 '.J^l-J^a 3jl£. 

jijj 3^ j 1 " ^ o^- jj-*-*^ j-*^' (.y^ 

-Cj 1 JlJ-h.u.1, 1 j^j LeaJ 3J I ^ 1 JLJe!u-ti I Ji 

Sjjj_UaJLj u a j t (j-SL!j LyjT ir-i (jjSLj jls ^1" i" i ill I 

jjl^i Sjj i ii 'C a 4_l!^^3 dJJjJj i Lg-al Jiir" i nl 

( _ ;r 3 L^jLi (Jlj i nit 3j_»I/Ljjs SjL>>i 4jLLa£.l (j-a SjLjLs 

. VLla 508 2L3 jjL 
o >Ji J j 1 t "i t ^1 <i j ifrVI L_LJt_jjJ_j j j sc 

cjLa^L«JLi ^j-Co- LJ! <j-° -^^-^ y-* - p" fej .2 1 . I 
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tJ cl..k.oUI .ISiJI 



tj-ljjj <f> Jl)L^_jV1 jj taj JU>.Ljj a * H ^jl?e_] La ^-#3 ^t^". , ,. \ 

: ( jrCJji 

^LjIaVI 4j-"j < .1 (j-aJJI 3j£Laj « story grammar» 2 j^tj jj taj £-a : ^fji 

• 4jljjiJ i^^j-LlI! J< M.tl 

. 4_Ll*_o i—Sljufcl ^g-iA3eaJ L^jjjtjjj (jyJj'l JjJ-^' *L*-aL>.j 

story grammars <wl$ jJl ilftilf 

£j^a QjStjj 4_j_u LgJ a ' a all A la * rt jl ^ la a» ^ n jj_a Sj^Ldl! Cjl uu 

. 4_L±j^jIiII CjLc jjsj>J,I (j-o 4 1 1 ill i ii (j-a SjLulII Qj^JJ LaJila till JL>.^/I Qja 4j-mLm 

Cr lc j_j£jH!l Propp ^ 2 \_jjj_i jjLs. Rumelhart <Jlijl j I j "jj I Jj>- jiilj 
p I J ^" j I J_ij (jr ^3 : ^ taj ' uJ dji m j_L«jj La LJLc (_ylll i4j^lj^>JI a ■ a all 

i> Jls. jj-<-u liil j ( _ ;r b i« Jl>. (jL^j»Lj^/l Cjlj (j_a ^ ( _ ;r 3 ((CiLij^aje-uJI 

I J_& jJlj^-JJ 4« ..... j j ' H 4-A-ua ^jjJ^. j J ' 'i I tl)l^ La J_t£. i^JJ CjI « 
(^Jl j! 2 ) a ' 'I ,_L>. (^Jl 3_jLg_cJI (^jj Lpj-a .L^jj>d ^ 4SLir»JI 3_£_^K-La 
*jj i a a a L$jl Jj^l • uiXI JjLcj <L2jjJaJI tfjLA • d J-° 

S_LLtiII icjjjj>J,l ^Ir i_3jjijJI (jSLxJ 4jI ^LlIIj iljL>- 2 taj i njJI 5_ujJI ^Ir 
I La jjJLj . (( I )) ^jXg. i_3jjijJI LLiSLaJ La_a 3J j J i u-l (_)-ajJI ( _ ;r 3 

. ^JLjJaJI 0J^J (J-a-*J ^_al_jjj JL>. jj V 



Scripts (i^rijUaJ I)) gA^AJI 

oLloj^sj (jl 3." " L^'-'-'l "MARGIE ( _ ;r J>-jLa JlLa L*jsLij_1 (jl j-UsljJI qjs 
^jL>. ^_2j ^jyjJI CjL>.1**i i**i t nVI jj-a j j j^ JJLC J-aJ»J ^ J ' -^-llj-ll J-t-ciAJI iJJ j3 
j djJI cmi n" ^ ^ji 3j-laLit_a ^^IjJI ^j3 cLILlAj tt."i"r ill ^_ua j_a SjLLI JjLu-u 

jJlx ,j_a j_>JI 3_JjLa_a J I uijaj combinatorial explosion ^ ^ alj ". tl 

^1 Jl?-**( ( nLl 

v j3 0 ~J a J d jll"" 1 1 (_L»aJI ■ Lajj I "JJjl M ' "II jl QJ ' a 'II )) 3j£La 

■ 3-LO.L.JI 

6-° Jj' Robert Abelson ^ 3 ^j . I j il Cjjjjjj LLLiLi j^>-jij (j-a o^J 
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(j^n i (jt^' ill Ji3-3U (ji-2-O J-jLjj 

jLLaV! aj-g-a^a (j-a <-r*i>^ ."J d " M I J-flij 'J-i^' jSJ! J I < » ta a ( _ T J| jl 
Ujj>. ^jiijj t j Mir tiJlill (J^aAJI ^ ^ a i aj (_gjJ! t^'C i ija <j-L3jLt. frame 

. I -8 ^\ mi ^£ « p * t, 1 u^yn jj-* 
jjjl ij i nil 43jj<js £j] jjJt (jj i nljjlj dJ-iLJu L$_oJlS 4 i ajSj-ll ^ ta a * II j 

Cj!jL>.^! L^j Jsajljlu (jyjJI cGjjJaJI p j *1 Joj_»i ^ a b -» a CjLjjj/LlI. 

iiljL^-V! tj^-i 3 j m i ntl oLa}L«JI jjjI u . ..tl • '■^■^ 5 t-ai mj! ^ 5LaJljJU 

(2^ a tCiL>.l "1 i nVI J-t-^^jJI ' i nL>J1 j^^-a-i L-s^ 4_aJHj>JL! 

oyi-i i^jJI « p < U t, !» jjjLLu^ S J^>J! dUi 1-8 J£Li 
nj^jjJ! J[ji.j : 4 j i hj'ij-II ii! (j-o jji^. (j-o (^^Lil! «j^>J! (jjSjy l_Lu ^L«J! 

i_JLLaj jLlo-Vj i alj i a ) Vlj i ii -»JI i a LtlaJ I t_JLLaj jLloJ 

..4_a_Llie_a CjVL>.j LfljjJa i- ixalj] (_^>- £ ^ i ^J-^ CjLtjjjl ij i » Sj^ij pi »Utl 

. I jSLaij 

. . . i ii -»J1 \ s£i i jjij i,3 LJal i a LtlaJ I d-ajLs i JLUsLLo 

l»jL>- o>i}-" jj^; o' 

J^i-jJI Jj^ 4jjJ (jl^ U-a J^l (j^jjJ! mJJlI 

(Ujj) Juj^ o^jJJ! 
jil^i Ji^a-i 4_]jJ p * La U J- 1 ^- 0 

u ^ a ta 1 1 » ^jjl u , ,il 4_laji_u^JI . t^j La — \\ 1-8 JSLli 
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SAM jrf 

jj>.^_)J "Script Mechanism" jjjI L i ..II Jjjjk" "L^LuLSLui ^1 SAM j-ojJ 

^ ' ^ ' ^ ' 4**" ^ ^ O .'^ ^ ' ^ k***' ' j « ^ * * I -» « ^ 4j^_ajj kiiiLtfu 

j^l i .I II jl>.I jjaj .jjjjj/Li (j-uj^J jjj^j ''jj^ Li Liaj (JL>JI (jjUjojIj 

ri mi* i ntl ^l j~i i .i's'QLi Cjjjjjj/ JjJLus £jLJu 59 jOjnU (JsjLo Jlj I 

.«ioL>JI 

•.(jJLl!! (i^ajdil ^aLjj_JI ~rj^' it_^uU«J! (jJI (j^a-LlI ! jut JLioLij 

JsjLo jijJ-j' (JjLJI njjpj>ojlj ^ ("iJ-Sil ^'j- 5 (j "j ' ""' b-^ J^j 

j«-#3 (j ii j t 3-j-JI <L>-Ijj joJj j~ i n's t^Li oj^1L<-u (J J-us ^jLi 59 ( _ ;r ^ pa—j-SJL. I 

.« 

.4_ul_uj/Vl 4iiILi (jjajeil I ^aLjjjJI ~TJ^-^ Ljj£ 

S j^.! Jia Jjk -I 

.dJIjJ u in i . 1 l lj.3 Ji3 .ijOJlj 
. Ll3e.La-m Lvjl>. (J^jLo J)jjji 

SJsjU j>u! ^ liU -3 

* I? ' ".l\>^ J^L->^IL-) tZjui 1 la < a I Sjl j i ntl j^/ 
■ ^ri uii mil ^\ (J^jLa jljjjl JL>.i JL2J ijoju 

Car Accident Sjl j . II CjjL>. <^-jjl i _i . SAM j_al_jj_i . ..jj 
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(_gjJI Ambulance i_al < . ..VI 4j^c jjj! h < n JLo SjjJlc cjLajjjLLuj/ 

t_j-&J i Lxla-se m ijL£ (J-9jLa jj jj| ^J^>- ^1" u < 11VI J^.Li-u 

^JLij 44jlL1 w a La i nil ^j's i"iT1 jjx. J 5j i ■■ rt ijr L>.!j ^J_u_4-i ijr l! ^ 1 VI jj-aill 

BAOBAB jri 

(j\ i n_iLa (^yjJaJl^gjJI j-aUj-i jUal ' ^BAOBAB g "I 'J.' JJJ^"' 

J j I iOLo^Lt-a SjlcUs ^ jir~i i uJj (jJii. (jjjLJI Jj^iAI! J-Laj!) MYCIN 

j»jJLj (jSL<u j^jjb (j' (* ^ <ii J *** uiJ ( _ 3 -UsjJ.! CjVLs. j>tJjb (j-C 
JL£,I i ii _l lLs i * 1 1 IjUt 3_3jj(_o (jlj Cj!jL>.V! (j-a Ji^'i £-jbj (.^i 
d " r I , ,.1 ^j_jz p j a j| ^ 1 ^_«Ljj-aJ1 3jJ^ i n a ^-tiajjj j aJI 4_lLjX, 

. j1j_>J1 JjL_u3l 4^t_ua jj-* t-^Lun - 

« ' ^-LiJa^j ' ola i -Sj^j-tiaJI JlJlC -^oLjj-jJI AjLjej-uija ibLLsLS-a - 

J£-«i/ BAOBAB j_al_ij_i 4_jju i^jJ! (oJUJJ Ljoj^j 2-8 J£L<i/ u^uj 
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^J^LlA ^ys 4_jJila_LU ^j^^Iuj ^ jug La * 1 1 i—^L-oj^M (j-* £^Lj 

i LAjl_Li£,l ^ C l^ T u ^jy^JI ^JJJU , >.tl 1 Cj^LoL*_a q i"i l CjLiLu 

!j_fl> (j^L^jj . SjLjLfl Cjlj (jj^J (jjJ-II dJJjj i4jjj|j_UaJLi <■"' i ii j 1 (j^Jj <L»gXlj 
Cj^LoLkJi.! (_£Ji^-l i la «j I jl ■ . .jjUtl 3jJa Lax (j_o g^-oLj-J! (^j^JI J i nl i n"ll 
La 

.JjjL-uJI w 3 La * L I ' a ' oj 1 1 Sji^jlI! iJJ JI j-ulij 
:>LJaV! Jl^Tj BAOBAB £-aLi j_i (j^-i j!^>J JLla (^Jj L»j3j 

^jLl!^, -^Aju-a -4 :<J^>.Jl1I * n 1 1 nt I( tJoJaJl 

1978 j j g i „ o 25 :J^i.jJ! jcjjL :<_ . nUtl 

• j»Ll "AjljjI J-La ii mi" i ii 1,1 (Jiol (^isjjJk! ".(jl I". : j-aLjj^J! 

26j 4_ujJLll jJ^JI (jjs ^1 ■' . ■ j j t— > T 1 

<\(j'°l '.£-aL>j_JI 

(cLLlk-o (_psljjsi JLjIo.1 ( _ ;r 3 JjJ3 (J? O^""^ ^ ■! ' " *?*^0 

jls i . ijxLaJI (j^ '.'». ! Baobab jlaLL) S ( jii : jj_U <j-ai>. :£-oLj_JI 

(jjilJjJl.! (J . 1 i-V ^UtJ (ji (jjj (1 U i 1,1 I fT Ir^^JI 

<"i : j-aLj_i!l 



"PLANS" 

(jjs Ijl>.Ij itSjLoJ! cjIjJLoJI ( _ ;r a al iii i^->j (_gj-JI J-Jbtlll ^jl* 
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q-a . « jLLaJLJI )> ^jjl_Lu_uj « p * La U » ^Jjl-Lu_u ijr l| £jj>»jJ1 pUj jLLaJLJLi 

4_j I i Cj Lu_o LlL 1 £_-ujj>. ^ LaJu Cj IAjjj LLl<-u 5J Lse!u-ti 1 ^jJal ^Jl 

.^-jjl m uilj (j^-£_U ^ rt 1 1 l)^- 4 ^ * (J 4~"*t,l 

. . . ' tuJl^oJI d la &l J 4i».jij L^jjljcjjj/ (jjJI 4u>.lj^>JI sLlLsjlII (jl (j_ja» " 

«... j^i-LuIl (JjJ-i j Lga3R-J «L>. jjj . . . ^LjJj^ p_*JI t_dl_L& 1 r i n~w 
jV « «Lj^>. 1 j-j>. cLlLjjlJ)) j-&L>. ^jj! m < u i_iIl_LA (j^-s (j! <J-<iu>J,l JU£- (j-* 
i— 3_aLc iitlaj. JL>- jl ! JL>. (_)_<ju>J,l (j-a ' ^^J" I^J"^ 5 " (JL9^ lilJj 

pj<JI ,j-a <_p=>3 (J-3 i^-kJI 4_ul£Lol ^1 j j ulS (jl <j^-«J (jj^'j i« JU! £-«-><-> 

d 'j ^j^"' S-^j-*- 0 ( _ T J I 4j>-L>JI ^LlILij i^LJjj 

j^a Ij-Ui ' tLLtQj ^IlJIj ' d La >■ 1 1 aj uLiLiu «Lc^_$j?e_a 0-aJ^>-"i t ul Jj9j 
(j_« I.SJIC ^ L)L_u _}j1ju>. JJL>. J19J . t ' JJjsj3 i_3JLA (^-L^tHj (J_*ytJ1 ^J^ 3 
p j at i /vi j , .. A j J $ ,"i j 4_ljI^jJI tliLuaaie ui]| uiyL-u pSLjo (_yjJI J-cl jilt 
J) 1 * "1 i 4_t-£sL>.j ^aX I Ij^-J l^L)-^' CjLaJLa-" t ol p gjl < -^"j 

j ifuC £jlj_JI J i II ( _ ;r 3 g <j La ui 11 J 
d U ,lj ", ^ j <a >.j CjIjLo£. p j d * (_j£ Llala3> ^ Jl^-"1 i h t j ui itl ( j^ eJ J 

^ S[ i ■■ I j t Cjj_jjj ' a i ij^>-l— II (jJ^JI (J^ 1 ' Cr'i J * * ^ a * W 36 *° ' " 

.PAM: (Plan Applier Mechanism) 4j^oLij-J 
.4jijL>. i^jLo O-il^ 

JlJ Jju JJ J (j-o (■ La jjJLl 

<ULi lLULJu (3-Lc- •Cr'j'" 3-L*j>J1 <j-a gLa-l'Tn „l (j£Lx-i (_gjJI J-«-«JI Siai. 

w ^ I tla i ^^?t s l^jJI jJi-jLa JjLlU Lajj CjJia<( t_i 4_uLlII 4l»jJI dJ J i" < .il ^1 

. I Jl>. « I jLi dili I Jul» 
PAM J-oljjJ L^IjLu 2 (^Jj L^jLSj 
(jl (J-><JLI l_o-U^5 j_al i ^>L»ji (Ji-JJ LmJ i .i a (JjLu • J J-2j (_j-II J^* - ' 

. (j43- (J^>-JJ Jjiill (_L-»J.I l_0~Ll^5 dLLlcI . Jjiill cUjLu 

(^Jj LauSj 2 uaU| aJJt SJl^? i_uj*j j! PAM J-oLijJ taj ■ ul j 

:uU3J Jlla 
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BAOBAB jvUju JajuJl 2-8 j£i 
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5 L-uJ i ii a 1 2^ i-X. '.^JLa-"i i nU 

?(j>*J -Sail! I JjJ.! i_o-L^s (jJac! I iU :aJLar~f i nt, I 

4-ta-3e-j *G-3jjla (j-a SJL>JI aJJb ( _ ;r 3 PAM CjIjJLS ( _ ;r jLjj 

l_a^ d S-iAseltJ JjJ-k SjLc jj ' gaJ j^^-G-i '(JLU t 4 " 3 "* l — ^ L -^ <c ^ J LJL 1 

.3-8 ^J'C mi ^3 ^ i <a ^-a 



(J*) <ij- 



i, S3i 















PAM gA\jj. J J»p Ik* 3 - 8 j£i 

w 1 C ^la-ui-J La- 1 i n a (1)^-1 (j! *>-^ ^^-^J * Ltiaji tjj^iill «(_Lx_a» ^JoJLa 
^Ujlj «(Jj^_a ^A^. jk» i till )) u-m -s- VI ^j-* tlj , ,.t1 5 \\^\ jLallAjj 
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tJ cl..k.oUI »ISUI 



. i ii U < - 1 Li ' a se uij (j-\_3jL_uj1 t^jLi ' aie ""'^ ' aic uill (j-a tlA^ 3- 1 c< ' 

(jjji_jj_] j_La-uiJl ) (ja_ajLoJl_3 i^^ljjJ! £ya JJLsu p j * rt (J^ < - n < aj j 1 ^"j 
tl>' OJ^iH * ("M^ uAs>tiiXI La I ip^jlc (j >i j 3j (jl (jjj JUI (^Ic Jjj^>JI 
i4-i3eJa-uJlj t_4j^jjJ! 4lal 1 iuj ^ jLaJj! 0 JL& j-lcjjj . ! jSL&j . . . (_£ jl_> I L aj 



Limitations of Scripts jLmJI j< 

43jj>_a (j-a ^Ij-*^ (JSLii I j j-j^. CiLajjjI m 1 ntl (j-a-*-> (jV Ijiaj 
JJ-C (j1_> i"i a 4_L3jj>-a j!j-a jl CjLJLaX. <_uL.La.ll (j_a 4jLa 4_ii_a-s 

(__aj_^JI sLiil! (j-a Lcjj — iLtajjl Lj 1 11 II OJL^J (j^-J pJ lij CjLtjjjl ij 1 ntl (j-a 
J j 1 mi ^jji^. « p * La U » ^ojjI m 1 11 ^ . tfa. U 1 Lt. Jj-il Lua-La sej L^_La (J^ (JiLa_i <-^ T p* 
(__3 J— ^1 » ^jjI—Lljj/ (__3 "1 1"") (_^<Jlj <( abtlaj I 4^>.j» Uj^>- i_£_a^ej (JLiltl 
pjli_U ^jjjS <(£3jJ! Q^jjJ! (_^l3j» jjj! ij 1 11 p-a-«-> (ji 1 1 » ir-ill (j-a (jSLlj '"(Jj - ^' 
(ja_ij-J! (_>-a_3j)> ' d a ijr ll ^j^UI jj^l ' " - lLb pj^JJI cLjsjj—aj (jV 

^-jjl i j 1 11 (__3 Jj-j (jl (j^La-i (_£ jJlj ^ * j 1 11 II d_aJ_>J! (. 1 j 1 1 1 1 «£5jJI 

^'^cLjJLjJ! ^ uaJLlI lLLLJu a <bj 

(j-bLi ^j^jj JLa 1 nljil dllj (j-a jSLiIil < ~ < >*C LaJLi^, 

ijlu^j "' L -^ ! J J a jjlj » (_)-a^l (jl ^llJjl 1 IjiL-jo'i/ SjLjj ( _ ;r 3 LaJ-t£. 
lj . ^» aj (jl ■ La 3 I j » j U *. , „ j joJj -l£jj_al_i Cl^aJ! dllj ( _ ;r 3 sLUajll ( _ ;r A 
"1 ui-ll I ( _ ;r aLa 1 jjt Lut ^jijJail JljjjJIj .((clOjl La^ ^jj-lm 

Jj ' a >■ 1 1 ^JLcj (_^aJl_j3 j-;^. ^(_5-»jj ' tlla » d 1 uij L^jI jJLu S(j\^£^aJL! (jjJLA 
S_aL»JI ■ Lai aji\ JjJLso 3 K Mil Luj^jso Ly^JU (^LlII «j^>JI JjLujj 



Memory Organization Packets (Mops) 

4_iJ-aX -jjjl ij 1 ntl (jl_Ju LjjLJu -Mops ajS\ jJI p j La 5 CjLcj^j*js (j£Laj 



9fl 



^Jjl M I ill! (J M*Cr ^jji^. L^-iSLlj 4_i_L*_« Jaj^-ilu jJS^Iij (jy^>* ' ^3j"t1 (J-LLstH]1 



-4_aL«JI (_^ajLi^ii»JI aJJt Jig j i iiijj .CjLcjLiil 'j-J^ ^1>^' J' ' ^ ' " 

: Lut (jl-LLK-a jj-!J*-aLjj_l ^jlS 4^jJti! (Jjiuill Mop sLfljjJa O-a JLy" i nl JL3J 
s .(12) 

j_aljjJ jjutJI ,3-a jjLS (^ic- t3r!^ > ^ cr'l l -^ J -& lS^-" Bops 
3 lil"-^ cjIj^ Jix-i Cyrus ^lill j-oLij^Jlj Jj^ laJI diVL>. ^ ir^j" iMI 

I j « i '— j (^^' j '<ij-aJI sLaj^j jLlo~V Cyrus (jjjjjj-jL^/ ^_oLj_j_i p-«-i^5 JL3j 
(14) 

Jj^s- Bartlett O-j-LjjLi , cL>-j ^ I r j ■■ a i 'I »l .ilr <j-o ^jLc 

, j , ^. A",tl j^jjjjv - I lac | ^1 LijJajiaj 4jl I j-aLijj * Lu 4jjL;s_a 4 j a 
CjLlLiC ( _ ;r 3 ^ * i i tali a L#jl ) So* I (j^JI 4-tULtJI CjLlLsjiII ,_jj-«-«JI (JjtIt-'H (^JJj 

: 4 ii 1" -e-o ^J-^ 3 ii^J 7 o j £ 1 1 (_^jJI ii!jL>.^/! p la uj 

hierarchically Lysj-A - 
SjJL^a aSI i ajj (^j^s-t CjLS^Lcj «QlajJ!j <Lu-i-uJI CjLS^LkJLj - 

.(jjijL^il! jj^-J CjI^^LkJ! el La i ul aj - 

j»ljju! ^Jl I960 - 1 950 3 (^a a_J^I 4^>.j^J! ^a! jj ^-Uo 

.J uixll (>U jK^Vl 
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i4_Ljj>. (JSLI SjjcjI/ ^1 Jj^I i>L><jVI ( _ ;r a (_>-aJJ! J^tij Jj^' 

w I lj-fi£ J -«-^ J> i ^ (jr^^' (T 3 . " 4_j_Lj_5_r>o JLcl jjs 2 ta ■ "I _jj 

1 1 j' a (^LlILij i4l«->>Jl j<ujtLai \l . ^ a~ j-^l ^-i-*- 4 - 1 f iJ^'i < "j t_ij^!jllJ! 

fiLc ^*jj?e_aj ^ ^ j-S[_L)j dJLjj^j a Jlst**! < ill JL9j t^allj ^^jJVjJI ^^"i ac a It i ^ I 

.ja^JLic^/ ^jL*j Sjlc ( _ ;r ij L«_l3 (_p3j » i i iij i^^lil! g^ll I liJLiLi/ 

Jo_llj_i!l (_LlL«-1J jjj! Lj i ii II CjLjLSLal (j-a SAM j_aLjj_l j oTi i ill JLSj 

iCjLt! 3jLC 3Ai.J_tl (_Ls->JI ^Ln-a ^1 Jj^aill (_L->-l (j-a 3 I g-rll (_gj£Li!l 
:3_JVI 3_a^.j^]l 3 ril'i^e-a jLui I j^Jj t 3-ul wnVlj 3_u-uj|jJI (^rtliill i^jl jJLj 
(jJilaJLa I a i -*j ^j- 0 J ' £ L«J 4ii. jJJ 4laj>JI (J-lL>o - I 

^jiLill JiLjIj^JI 

I a K 3_jj_i_La-i CjK j i"i La JLa-" i u a ii_3J^JI 4i! ( _ ;r 3 £j_JJ,l j La I II J_J -2 

.(^yii-ljJI JjILajJI ( _ ;r 3 3jJL»ILa ^Lt-a Cjl j 4-ai£ '"• ga. Ij 
^ JLj-"i i n_i (_gjJI g j Ll I Ijufc jjl Jaa.^ *'■» iLifli ^LjJI g-^-UI j^J-^J 
3_aj>.jiL! £-alj_JI <j-a j 2 J JLC L-J tajj i3ii.Jiil 3JLUI 3 lii"i i na 3_ii>.lj 3JLI 
( j-a ( I -(j) ^J-j^ se "1 11 ^_$_La l 1 t Laj ' La_Lu 4 4_jJLj_LLaJ I CjLiill £j~a q^JlC j^-i 

£JLA (J^LlL) t-^lt-Ofc CjLiU ^_al^j-±JI 

A car hit a :3_ul , mVI ^Jl 3_JLlJI S^lUJ^I dJU^JI 3-*>.j3 ^1 jJi^l 

tree friday evening. 
3-3.il jil 4^4/LlI.I a^Lu^/^l S-iKJ! ^1 Jj^jjIJI ^ LL* 3 , „ n jJI 3K miU 

SjjLuj/^l ^ v^jVLto-Vlj «hit» 31a£LI 
^jijL^il 3jIjII 31ajJI La S^Lc (agent) ,_p2j_>J.I LaJiJLc. :peger 

j-_j_jJlx] <L^_u3l^JI 4_uJI -i^>«J ^-a ^j-ti^ i n~y a »^ j mi S^JiJ! ^ Jl^-**i i h i 4j|j 

. L_LajT (jlsj^J,! (jj^j (jl JaV I j-^Jj i4J.Lla 
«L>.1^_i w iv 1 5^_tLl1 ga * 1 cU Lo* LuL^ »^ uJ| tJ^SLi ^j^/ j ' ea flj i-LILlAj 

.4_jJLlI1 «li_a_>J1 4_ajvjjj ^"i a^ . ( _paj->J t ! J-JjLj 

Juan Le Pego A Maria 3_uL^V! ^1 John hit Mary 
j-Juj V i3l.il ^1 jj>-" i ..I jJbolljj . LiLjijI (_p3j_>J,l (jjSLj q\ J i a aj golpear 

( _ ;r Lc Jjj^ JLs. . Si jVI 4j J ■ ajj (_g jJI ^(^yjiJI j-jjLj j-JJt^J La_Lu i L^ilLs. 
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I 4j_l__> 

•.(^Lll^ 4-ul j < uVI John hit the nail with a hammer 
Juan golpeo el clavo con un matrillo. 
— j ^JjlAII (jl .j i(_^_j_>J,! t jj^o ^j'-^j**'^ ; V :chocar 

.(«.(____!!) 4j J jtriU (jji J-l! «L>.jJj 

2JU_»J! <La_»-j_j 2 j ( ..Lit,! 3 nKtl chocar (jl ^__>l jJl <j-aj 
El viernes al Anochecer un Auto choco contra un Arbol. 
■ a ■ jJI j -> __J1 _M (J-tAil j_u_i_J! d'C i i~i 4-8 (_)-—_■ 

I ji-Lj PROPEL. a_jJVj.ll 5_Jj>U jll ,_;j_--tl J_u! j_JJ _^U-,M 

:2uJ_lIl 5ulJ! (J 2lajX\ i____>^JI 
^^_ii^L _>_> PROPEL < = = > L yu _k>j-»J. I 
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tJ cl..k.oUI .ISiJI 
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(<JL«JI j JV J "i < u^U i^j-aj j»Ltaj (>u J-IaLu S-aLal 

.^jL^I 

(Jlj i ii 11 j_aLjj_i g-jja5 . ..j (jj 3JL>JI OJLA ( _ ;r 3 
((SjjjijjLj ^1 t^jJt j (J! Jj-u (jr^- 3->L>-VI jj>J!j 
p j " a (j lr i UJ La jjLxU! Ji^-JJ V 4j^/ 

( jj3 L. < I nL>J1 j^)^- 4 - 1 JL>.^OJ V fibi «Li-£sL>. i«LLa_>J! 

(j_a J Lta aVI J_iiLa-lJtj . J<rill (_Lc La <_sjjil!l 

t. i ftvju : (J-JtAJ 1 

( j_ u jjLi : Juu^nXl 

!j I C (J^-J (jyjJI ClLajUtl cLajLiJ! iJJLA J a 
(j-SLa-i l_a_a j»_l!i£LI1 J a t-j I j *C tj 1 a -»JI ^^jJlxa 
4jr~i m i uj jl jLciul (jSLaj ^ jJI j i4jJI jVjIxaiVI 
4jLa_>J1 (J_u_a_l ^c-xx^aj *A ,U ( llilj . 4_La_>J! 0 JLA (j- 43 
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4_yJLo Cjjjjj J[j-io •.^Lji ? :jj ir-iU 

«LuJLa QMjjLi I JuaJlXI 

Sjl j i nil 

pj dJJjlSLa 1 4l£ pJLuU SjLsJj <L*-aj_i 4jlJ p J i ■ aj ( _ ;r 3 Jl>.| J-^=-y p-J 

(J-jiLs-i f_y-S L&j_j-C (j-o J i a fl? 3_3jj<Ji! (JK a « ■ '■» I *t-» ■ ^.Vl 

jValx^VI tijVU. (_£>>•' Jl£Lit j-L9Jj L_Lu i3i3ejJI 4jJVjil^VI iZjLJUjlJ! 

. I jiSLtj ..3l^L>J.Li 

3 j &m <t3jj<J.! :<13jjlJi.! ^'Cj t w a i ..la j^L4J (_dl_L&j 

^L^jJI lLL! j J_iL2jj knowing how 2_j_iLl£JI tL2j-*l\j knowing "what" 
4_3jjlHj declarative knowledge 2 i 1 < U 4_3jjlA! w c * ' ^ 1 

2 I j i ■■ L^jLj 4_LL«J.I iajjdl ^Ijjj jLl^J procedural <> knowledge 4-u!jj>-V! 

3-3jjlI! Lai . I j j i .i j ^Lj^Is Lisj ' . iltalj 5L3jj>II ,j_o £j-iJ! 4jJL«ji j! 

.ilj-a jjjSjJ . ^J^M IfljJlil Cjlj_L«-a (j n'Cr L^ia cLuljj>-VI 

(jl (j j ' " *^-°^>^^ I 1 J-*-*- 1 ij?-^^ cjLjl_j_J1 2_jLi_4-i fiiimi 

CjLJlIII J^j-Uo 3_ol ij^VI j 3;UU 2l3 jriJ jjU^JI tyic Vila Ly!j 

(j^ijj data structure cjLiLjjJ! JSLut j! L*£j . JlcIj2JI tfjut j j La3j j i qjj ^yll! 
j-j-ij V j-Aj » <i It j ' ua a (_£ (j-u_J ujLjSLI! (jLa i L^jli 3^jjti! jj* 

Sjjlj 4_tLiil S^jjiil J^Lut 2jj j i ..A'tt ^> JLa-" i n"j 
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6..Q Yn o 



:4jJLlI! JjjJaJI JLvL £-<_! 4lH SjLC:LaJI ^Ijitijj/! <jSUj 

.4j-jt la LUaji ojSij £ !il ijr^rH*-^ V J ' 6"° <J^ 

. Luis m o4 < j i l^p^ * iy -3 

, Lil£ q^SLj u j J^Vl jlvI ^ jjj i LoL£ ^ 1 jj -4 



tSjLflJtXl i—tt^ljJJ (j^- J"^*-^ Cr^" ^J*- 1 ^ (J^ -4 -^ '^iJ^ 2 ' (j-uL^JJ 

^LlLa cLjjs. jJ ^_j_>J 1 Cj La jlaJt, 1 *. La ^(jj-*^ (jj-^ (J L^TllTuj J/CLillbt_a J/Cb 1 j)j 

t ( J_j . U ^ a ( J_jil_<j_ILl 1 ^j_<J3j 4_uLilJ1 4_j_uaL>J1 i>J_A -j-<-o-->o . 



I0J 



1 01 



First Order Logic 



(jL^J - ^J-j^Jss tJ^J-UsLjjJIj ^ a ■ all <Li ^cILaI 

(3 r t, I ! JJt ^\ JLajjj/l ^J^l (j-o (Jji J-A (^jlSLa 

c-jI im-w ' . 1958 ^Lc sLajJs liL^tJ fjjz 

i 3! J I tfjLl£.Li propositional calculus LjLiaiJI 



Jj| ui U L>^ Jrh^' Cr^ J- 3 ^ ^ 

i predicate calculus Jj_«_>J,! . ^1 tfjIjJLaV 
2^jj i all 2 c I j i all ( _ ;r 3 2 j i u-i I j k: 



Propositional calculus LUaiflJI i 
iSjlLII I $ 'i r j-ulj ^i (jSUj (^lll SjLa^l JSL<i 
3 1 ■ all I .i (>ujj! jj-u <j-a Sjus-!j S,,^ (proposition 
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CjLlUsLjJ! ^sJLc ^u-uLj Boolean values «4-Ja-> j<u^» q! j « < "j o' 1 -^' <_i aSJIj 

1964-1815) J^jj^- .jkUlj 
i«3jL^tim cjbVaJI jj-o-uj ^jL^tjj)) [yCuuuaZl\ ^__| bj_t___ I jL_s 

£»_)___■ j se ■ la La_g_La 3j_>.lj (jl J_>_J i« L-Ll-sJLi 4_a_L__L__ JUj_La»j 

lL-uI _jjJ! j»l jie-L--,b !ju_i_u jji^i bl J'- jj;*" 11 (j£-«JJ • (f 1984) 3Ja^ti!l 
•.^Vl J*C u-lb La 3_iLc Logical con nective 2 M I 

& jl «j» 
V «jl» 
~ j I « >-lc » 

jl < « (J 0 ' )) 

^J_La L_l_j_____ 4JLL1 j__l_iju1_ _L_jIj^)JI ^1 JLsej i ul ( ^>^-4-iJ 

jl CjIj i'r-iLjj joJLc i_£j-L&» jl «^jjJI jl Sj-LcajJLl (ji^. Lai i_!jj->JI » 

Sjjjj^JI 3_iil| ojla inclusive 2;^.w.* |_L& « ji» jj| , taa. V . ((Sjt-LiL j«JLc 

2JLa->JI ^ La£ i2_Laa_<JI LuLl*. exclusive <Lpl » i"i i ..I La LJLc L*lu 

Cj-iL£ Ijl Ljjjj^> 2Js.ib^ (jj^ '"-r 1 j' «Llla511^ .i_!jj->JI cLSjLcoJI 

LjJ (■". ±j ! jl (j-SLIj njO^jL^j (jOJjVI 3JL>. SJajb^s t_i jl I (jj: 

.^jjs-V! (Jju^s S-a-LS ^ jJaiil LJ 4j>-L>. ^La ibuilj^l 3-a- <^ 
I jl La! it_jjSLII j! 3 1 J i (Jjl i n" I jl SJajb-a t_J -} 2_LUaJi]l j 

.djjL^ ^ j i ea 2 II Jj. t ■ ^tl £ *-*r!^ Cr^ LflJLoJ 

Qo-S-J dJJjlSLa i3Js.ib^s «l» C^jL£ Ijl 4j| <(l_1 <== = l» 4-t-Lta_2.il ( _ ;r l«jj 
i-LiJjI-L^a «(_!)) 0_iL£> I jl SJajbi^s (jj-SLj "V 1 ^ 1» "—3 Ij— & _j I c J i«<_i» 

(jjSLJj i-lAajJI (^ic j-o-Vl d-LuVI ct4jt : u jl3j .-ujlfC «T» ojlfC Ijl tilJjfCj 

bl (j jl ijjjijjb ^yfl c__j£> I jl i) : ( _ ;r -VL^ JLLa f. Uac b fn- i^i (jlr (JjJjilII (jSLaj 
.(((jjijjb ( _ ;r 3 bl i." i i ul jl LcuJ^i. bl Lal» LjjilaXa (J-*^ 3-^3 18 Luijjj9 ^JJ 
ljl» • \l 0 a tcL^j JljJLj bajlj -- <>■" V 4 T Lbj_<iJI bl LtajaJI o! 
. 4j9_sLj-£_ « j j Laj (jl L^jjSLaJ j-jjLl>JI tjLkl K**n (jl ^^oj-5-JI ctJjC;! laj i til 
.^jt ir-i (j » II j 4_i jLfs « i» (jlfs Ijl LajLLi. QaSLj « l» ^ j ■ a 3 
((j^o)) c-.^-l- v 4_jJL»_flj d i ii a "kJI 4-j2ia-ll I i_L_ul^jJI 4_Jl_t]l 4_a_iL_JI 
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Modus J. 






t! (jj-.l-tj U 1.1. uSt| 







(jl J-i^La i2Jaj>L^s P e^JL£j P > Q jl£ I jl 4j| JjIL i^jJI j ponens 

'.^Lill J*\ i"itLi Ljjjj^ I JLA <_^t£_jj . 4jsj)L^s I i eaJ I Q (jjSij 
(A A (A => B)) ^=> B 



de Morgan ' s «(jL>-jjjj (juljja» jl j n i iu jLjjjLjs Liaji dJLufc jl Li£ 

. Laws 

(aAb) ="~|a v~|b 

| (A V B) = I A A Ib 

•.(^Lll^ J" i „VI ^ the reductio ab absurdum g^JLl ^jj LaJI j^mllllj 

(A > B) - ( |B >~l A) 

L-LLSL-aj it_s-l CjLxjI l_L3J_a jL£ ^1 'LajjJaJI ojufc <j^-4-iJ 

! SJLsJI i>jufc ^ <LiI j-^j-jj i3_ijL^ i_i ot 

«(_!» (jj£j tj' ^^-^ liiJjj i<ijaj)L^5 « i» jLi (_p3j_aJ! (jA^Ly ! Jufcj i4jj)l^ 

. 4j3J)L^S 

Predicate Calculus: yLft 

p j" Sj—LjJi a -»» j-C j j j*"tl (_^J3 I jl LgaJill * )1 i n~w ^1 jUs-" ( nl Lu SL aJ ^ 

J-£j-j (jl J>J-J LaJ-Lc ^ii*3 iLiiaji (_£>i-l (jJ-lLusj Jj .^t* I 'U . ^Vl s l£j_!| 

SJsju (jl ( _ r JLc (j_jjj)LS (jjSLj jl i—i^cj i/cJLtJI ^^a «LuiVl (jx. J^Lis. 
jJbjj (j!j i (instantiation Aj.,^tl SJL^a) L^jJI jj uu ^pJI L^jI j> «LuiVl 

Ja-dia * a LUaju ^1 L^Lijlj «Lc j_aj?e_a (^jJI (^y-allij jj_a J ■ a 2 « L£ lj)l La 
dJJja njdJ j-l-l jl Lca-2-ll <— -i 1 I ii -»J J)t J_Lol J-Aj-JjJirsJ, I mv LJ a I ujj 

i ..I ! : (j Lcjj jj i .it I j . quantifier jj . ..I ! j predicate J jjsjJ. I ^^SLa ^ I jij-" . L 
La j«_aij existential quantifier l _gj)j^>.jJt jj . ..tlj universal quantifier ^ K II 
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tJ cljk.oUI .ISiJI 



. variable j-jjlLU Sj^Lil fiL4_ij_aj jJt 1 «1 . ^ ^tl , il , n-w (J^_$_>J,l * n i n~w 

Jl3.| iargument jii^l jl jo- <U function Jlj £jLj Jj^j>J,!j 

(j_u )> : ((j-u) (— 

U 4j}^L>>j^l 4jJU*jV| <j-a 3>p~^l l-SjjjJI ^! jiel^t £jlXI (j-aj 

•.Jfla ^Lt3 JJLaJ J I 4ja^Lc <-2j-*J (jl o t o IT (j£L«Jj .(Jlul jj£ JjjJljj 

(<_S l(> u) 

= (((j^)) (jj^J LaJ-LC «Lojj» 3_4jJi!t £-»-JJ 

Jj-^j>J11j j-jI^J1 c-t-uj^ l;iM<r Ijl La! . LoL^ Ujj i^jJIj '(u^) s-^ 

Quantifiers jl^riHf 

jj-t-oJ Ij i «......- ^uj_>J)> (^j-ULJJ t^lSLIl jj_*_uJ1 ^_*_u^/l qjz ^jLcjJ eilLLA 

• ((l>") <= (l>") V^) (o- v ) 

•.^LUI^ I j lc «3j>.Ijj i-£.LITl<i-i jJj J^d 

.((£•0-) LilUxJ A (^) < (^) ^Jj) (^3) V) 



1 01 



j (g) tiJllik oJj <jl£ frt JSL1 j! 3_jjlfLl( S^LaV! (j-utjj 

.(^L^Lu (^) 



Rules of inference J2*mi2l *f l$if 

Lj-ALlSj-C jj-ijJLII j-Lu^J jjjjjjl^-a ijr J^jL^ ^1 JL^-**t ( uLl 4 t _J_^3 jj-o 3jl^v^_a Cj 

(l lHCiJ^) 3) <_>" V 
j^^c O^JJ ' a rt tlhl^ J .' iSj^- 1 -^ d ^ o c J t«tjl J i**i i uVl » 4- J Lo- t JI ^ o i hjj 

jUs.^Lll 4_i_ajjl^>. CjjjI jlsj .unification ju>.^lJ! ^ n . J^Ls-VI (jj^la 
theorem <LjjJa-Lll CjLljI iiLa-jf ^^Si LoLk Ij-jjLj Rohinson (jj i n i j,'ji>j 
.Nilsson (qj ' J^-ll Jjj i ii (jlr j-tajl) .proving 



2 




^yUl 1-9 JSL^, 
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tJ cl..k.oUI »ISUI 



•.^LlII ^Ir 5_?T molt 5jj i all (jSL«j 

Qr'O '•Cr'j' JJ^ 3 

(QCSj.^UI-t^k. 

(<r) ->>-*• 
(<_i) Sj^. 

".(jJLlJ! ^seUI It* (i_3J^JI) 5_tSt j 'II fljij l -»ll (jjSijJ 

Or 1 ' 0 -e^U- 1 JJ-^ 3 
•((:) aa-^il-^ 

2_JLi]l 

.^jjs.! 3±£ l^jjlr j 2j i uj V 4jLa Sj^. 2±£ ojl£ I jl 

.(K£) 4 >[A(D>*<-=(K£) j^I A (T .g) t> -2 

A A 

jl j 21m l 4ic £lij (_£jJI «(<uj^j)) ji ((j^jjsjo)) <-flj>jLj 
(_j-i-!l (Jl a-C V I (j-a <lLuiL-u Jl-ej (j I- JIC I jJi] I 0Jl£j I .i j(j_a- j-a Ljj_jJ I 

.4_ul_^_Ll1 4jj^_t-£5 (^jJI 4_Jj^/1 4jj^_t-£5 jj-o (J*C Mill j-uju (^jJI (_£.sjj 
j ifuC (^liiJI J l -« All L^J jjIojjlj (^ylll 4_^>- Lu^^J ^jl^X-l d K uiXI 
<_al J_A^/I (j_o dJ-m-Lm j;'*-' j-aLij-ill JjLaj (jl ( _ ;r & 4jj*c_uIjIL<j/VIj 
(j-C ' **- Jjj '(Jj^l (jr^-J-^" =L3J-$£ i i) (j If » j-oLjj_JI ji-lj . S-iiLjjiJI 

j-oLij-JI JjLa_L3 i3 SjLcl A tl Jljc_l3 i(j-u) " (_yJI l5AP SjlcL^ 

<_2J_$JI ^. ■ a J dJJ it_i — ^ j <((jjj» j" i ii a SJlcLSJI (jgjJaj 

.(I ' la) JjVl (^jJJI 
: I i n/t> 
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. (<_!l I) j^ujj>o 

3-.'^**" ^J^J i<( 0) J-^*'* 3-^*" 1 Cy 0 tillls jj-iAseaJj 

:(2 ■ la) 

.(!^)jbul 

J_a-C JjL£ (I i^) J_*_i!» (j U < jij .(l i^) ( _ T J-C» t-i r I (jl 3-^-"' 

SJlcLoII (j^-uiaj * i* )) i _ ;r lc» JLiAJa jj- 0 JljV i i ^ r jL^_Lll cJ&JL^JI (j^jJLaulj 

: 1jujl>* L-Cj_£ Lb jut. i ' ^alb tiUjj i3 
(*—))jj>. *. 3 i *a A 

^_aLjj-iII (^jJ • (' ) i 0 £-aj>>» JjjL-oJ! J-aJLlI «L»_u_l Lj-ila i« (* ) i t) Jju! » 

JjjJijo JijL?e_a-j ( ^>^j) «£-a^>«» (J i ^ r J-uSL»J1 ^JjtAl! ijr A « J_*_]!» ^jt 4^jjtl 4i_u_uj 

. 3 K uA\ (J^cj 1 1) (jj^JI (J J> -^" 6^ "(^ "t 1 ) tr^" 

1 l) u \ c » w Cj aJI 1 SJ-gJI OJ-^ ^ 1 'ftj . 5J| 1 ,1 nit ^\)-uA 
V La— Llj i ijr jLiiJ1 3 J ''*-' (3^*^ (Jj^ (3^ 3e -^ i<( (^ i( 0 N 1 rt 

(jl .4_Lc ^j>.!j_lJI j<uj i_dJj ' a 3j| (_gjJI i 1 1) (j-Lo) J j a '"' 1- 1 i-vj 

(jl 2U-w\l ^a-heuristic reasoning 3_l3jjiJ,| SjtjJ! (j_a ^_aJJ! I jut ^1 air" . J 
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j-oLijj w La li^t-i O^-jj 'ij^ ' " « jLcljja «jlJujj search 

Ijlj*. Sj-o. jSLij Earl Sacerdoti -Sj^L^ Jjj V NOAH 3_kjJI JijJjj 

4-tl i ntl 1 u 1 nVI ^ *j iLaJI CjI j ^Jjl i tiXI j-u^ ( 2>^ J-^-*-*^ d)^"- 4 -^ 

j La ! 1 1 a| iL5tXmLi- w S; j j ui II (^jjLa ^jj 3K hi<i jl o>Lcl LtLlAaLj ^pJI 

JSLUI £JUfc gjj 0 3 t^^JaJ^ <i I 1 w ■ La II ^Jjs- 1 ntl ^Luuua ^ J 9 tiJJ j (Jllua^ )L*J^/1 

^1 J-i^J jjJI (1)^*^ i4jJaL>. (j5^ij JL3 (Jj i3 j£jji CjULu (Jjl-u ' . ■ 1 Laxi 

1— a I uu^V CjI JLj^QII (j-a j-uSLII «Ij^>-I ^-o 'J-i^' CjLajLua Cjjil JJ Lai£ LlxjjJu 
jjla-lll <_S^litJ (_$j^>- 1 <l J 1 1 "J CjLcI j 1^1 j-j^Iaj j<u I J-g-Jj • I JiSL&j . . . g LLa3»VI 
£-U3^o ^LxjJ^U 4_i£lj.J^M CjLlLsjlII MjLjjJa (jlSLoV ^j^/l «L>.jjJI (j-o 

jl 1 aij 1 O-a JLxjjj/I (jjJI Cll j iiTitl (Jjl ^J^/l «L>-j jJI (jja j La 1 1 1 (j^9 

Jlj nit VliLo ^j^j^fc. ^yW: ! jlsj SIR ( ' 5 ' ) ^_oLjj_i Li£ tijLjLiJI jlcIj^ 

o' 2 -a ^-' - ^" w ' ** J i3j-»» CjIj_j_*ILo «U CjLiLu Sj^.LS ^1 4j>-j_a 
w I c <■ -1 j t J (_j-^>- CjIj-jlATlU DJI^j ' La .'"j" CjIjl»>_jJI Cj Laj U U SjLcLS 

I -1 j j; 1 "^ ^yfl ^Minker & Gallake j^J_i_aj j_JL>- (_>iSLj Li^ -jl -V) 
«L>- (8)Levesque 1 'I 1 njiijt jalal Jl^j iCjLjLuJ! jlcIj^ ^ j U ; 1 1 jjr", , „| 

JlC.1 JuU L>. 

!4±a^ cIjULJI SJi^LSj ^\ 

(3^3^ t j^j-itluJ*- ^jJ (33^ 4j_u_a ' 1i\ JaJtfl Cj^Lj (jJLLit (jt S^o^uiJl ^jjLt <USLuLfl Q^xui (*) 

«il_ul Nilsson ^(jjjjilu SiSLiM,! flj-^J (-ilLui^ 3 j j j tia.11 jJcc Ijjal,!^-"...! t jSL<u 
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declarative Sj-Ltll 2_3jj_U j!j_o J-^-jJ ^ 
Lj_Lj_i i Lg-al ill ^j-l^. J Jj La knowledge 

procedural 5—j-SIj -vVI 2_3j_«_t.l jlj_a (_gj * >] 
i>ilj cjLo^Lla ^Ir-J-iLSlI (^-knowledge 
(^jJI oULlJI jIj^s 2<jjU L#J (jJjVI 2 Uv.tl ^jut 

( Jr -A sLxjLjJI La— Llj iL i i nL>J1 ^_alj_] L^_ajL^-**i i ill 
(J_u_aoJI (jl lJljjjLIJI I JLA ^^ji^. c-*3jluj i43l!i ^_aLj»±JI 
jLo^aJI jj* procedural repreoentation ^Ij^a-VI 
«jjJI I jut LgAx^aj ^pJI 3 i .1 g ^l ^j^/l (jg i 
J< Mill 2 ijt^.tl SjljLoJI Jl^jj (<sJ i^jJI t-jbSLII jjjs 

t^LiAJ JaJl CjLtUI <JLt_a ijr 5 ^Ua^j 
SJLjiS JLclj^ JSLi 4JLla SjLaL a i nVI c-^j-tl 
J-iLs ^_aLjj_) d la i ol ^oJ JlC.\ ^oJlJI <?J_A ) a *"j i ^s_lLJ 
t _g_j| La j SjLlkJI Cil a K £-jLu lil La jjj_2j ( _ ;r Lc. 
3ji£.Ls (Jjla-cJ joJ Ijlj S V j»l Sjaiill j_uLU,l ,j-a I JJLc 
J a i"nj . i5j^>- 1 SJlcLS i j_iLHll I JUfc (j-^ 

6can6 i .1 <ll (JjjJI £_al_jj_jJI (^Ij^j-VI J_Lj_a-l!l 
(jJj . u a i iiVI c-^j-HI (jjJI J-cl j-iiJIj iCj! <iK II 



JJij (jl (j^-flj V d i I » U 4_3jJti! SjLa (jl q\ , U ^ j 1 1 ^jLflJ! Cjajjj 

(jl (j^La-i ^ dJJjjj i^jj-u-o^j CjU1jj>.Li ^_*ilu (jl c_t^t_i cLiSLIj iL^jljU 4_ajLs 

5_jLi^ ' 1 1 Ljjj j . Lal_4-i Lu!jj>»! (j&^-i (jl (j^-a_i LtL*_a ^.aLjj-^Il ul^- 1 

CjI]} «L^_aj—s 4_iJ ^1 Jl?-**( i nl 4_jJLc 4>jJj 4_tl*_a 3_3jjt_a (jj^Lc iS^-*-*- 1 ^-*^>^ 

iCjLa^Ltil j_uSLII <j£. j^jaIJLi ^ a i .h1 wide oyntax «^i n~ia» 

iJ3 JI L aaJLjLj. ! aJ^jua J j -> ' (jt ^jji^. ^-aj-a-U _i JU>JLl j-^e-i I-4_Lj_i 

. 4-JLiJ! Sla^J! JjiU^ 

^jj^ < = ((( t>ll ) ^£^1 V ^Ij^J) A (^) tfaix) (a- A) 

-2L« j_J! 3JLI a| jiel^! j_a ^IjJ! J< (jj££ j^-VI Sjjj^J! Lol 

: (2) MICRO PLANNER : 

((J-uS * )J J_a)«l^fc_U_]) 

(jj 5 (_£J_l>.) <_3JL& 

j» I Lij jlo Lo j^ti'i (jl^ ! j! La jjj-ZjJ (jijti! (Jjiuill! ^jl^" i uj (jl (jSLajj 
(jiUjj . LLulj^ul (jjijJ Lijjlo ojSLj V (_£jJI ^jijJ! (jl tuLuV t V 

i<_JjJuo (((jjji) La t-5j^ (jl CjLij^ i«Liaj£Lll 0J-#-> (^Ij^.^! (JjilajJI ^JLa-" i n_i (jl 

JJLitjj i^ySLjjjsl <uf c^jii! c.l iVq I jjj njLkjjJ! ! ji^a niilj ^ 
.Sj^sLs. 3 j n it! cjWj* i .iVIj termo jjjl>J! 

Jjl>. jLi JlSj iJjilajJI K i"il d j i i nill t_Jjjj(J!j Cjljj a nil (jV! (jlajJUJ 

■ Cjl m»j i nil (^ (J^>- ^^jjj^ 

^_a1j-j (j_a j-_Lit£Lj J j i ! CjLjI j itl j! ^a-a 3^lj-ia :3^lj-^I1 3J j j i 
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t^l j?UI J.J.V-JI 



L^LiLl^ j»3_L V o!j_lJLLo 3jlc SLtaJLa .3jaj_Uj jLcjV! 

(j)j»Laj L^-al Jl?-**k til jj^Lx-ij iuLaJiS 3jl>.1j Sj-o l^- 1 -" ^ *'* ^' t^aJlj 

4_u!jj>.V! "jj ' ga 1 1 '^-^J-^ ^jLj-lLI Lo£a d Ah-» CjI i < uLLq ^3 <LflJa3c^q 

JVjGjj/V! *L>- jj i L^-ajLi>-" i n_l j-aL>j_l ( _ ;r 3 JJ^J (J I V^?^ 3_3jjl1! (jjiAi! 
"jj LtaJI ! J-^Jj .jj>.V jj-* L_ kJUjtJ JL9 CjIj-jjuJJ (jyl^. J^o-lSJIj 

^L^jJI j-alj_i j^iaj ( _ ;r 3 sLi^Li. d j n it I I J-gJj -J-"^' 2 , ,, . 3jjJL>. CjLajl«-a 
. £j_uLjJ1 (^LltaAH jjiul) 4£jl ( n ^j-a cU_oAj ^_al_jj-jJ! <J Jjlj 

tail jnf* 

£jj iJ3 _Aj-4^jjt_<jiJ ((^^jjliUI t_£j" i nil » _}1 j_« ^j^* * jjx. j xa \ : 3_3j-*_U £ !jj La 
l_<_Jj_3» SJa^LtJLa :4-jj!jj>.V! jj < all ( _ ;r 3 2 tj j , ,. w<2 'Oj » t 1 *!jj Lo» (jjJ 

iIjLaj I < U (>o g^jJI 3jJjtJ,| jj ,^tl (.^Lu Vj .S^LjliJ almim ^ 



p j Sj i_3jjj/ ^jj i ..A*itt s |jj>.V! (jl ijJjjj ^oLij^i! i_ijL^ i LajL^s 



I J 



. 4_i L^jJl c_<_ujIl11 (j a i j-fl> £J_fl> ^j^SLi La i(^_*_a c-cjjjIu 4_u-ii_dJ1 

^£1 £ JlJlC ^ ■ ■■ aj (jl *— t^tJ ijr jl_^j ^ ^Tu.u-a Lajl.} lLILlA - \Sj t^SLaJ 1 ^jj^ <>.tl 

(j-* « 1 jj>. i Lcj 1 _} 1_La tSj^** T Luu j i La s, 1 jj>» Li , ^ (j i j fiLcJ_*_a cj La j-Lt-a 

SjlcIJs : S-ljIj^j.V! 4_»_aj_jJI CjLiil IjLj^- LjOj-^j Micro-planner 

(j-c SjLi^. 3j_o.^/lj itheoremo (j^'j-JJ ^-"^^h 1 (j- 3 ^-jj^- 3 * o H 

. ^ d 1 1 i ' *a 9 ) 

(j-C J" ' nj (j! (j^-Xf (j^'j-^' (jl (j-*SLj (j ntC LlLl 1 J ir-lflll j-taj!) 

JjjjJa VI I Jul I j ' '^'.V JLc! jja J i ajj V La_Lu ijjs.VI LgXa 

c-t-j^Hil L^ILlLiLs ijr A 4_u_uL_ut 3j-j_o ^LuVI ^ la * 4_j_t-aL>J! eJJb w ta *"j j uiAjg 
(^Jl 2 ia II >JI S-ulj^j-VI joiaJjl j^liei!! j^II lj-4> ,_£.>! JL2 j imodularity 
joSLajJI is> Liaji 4_uljj>.VI j«JaJjl t-j^^ dru <j-o (jl US.j^ Jia. 



Ski j ((J^jJlII j""' ^ ~" ' 4_lSLI^ h_$j_lL>oVI ^j^-xJ I j^^s jijj>-jJ,! JLIaU 4_<u>-j h j ^-ujJ (JLiII I jla ( I) 

(2) Hewitt C( 1972), '"Dedcription and theoretical analyoio (uding oche-mata) of PLANNER: a language 
for proving theoremo and manipulating modelo in a robot'". Memo Al-TR-258, MIT. 

(3) Winograd T.(1975), Frame repreoentation and the declarative/ procedural controverdy", in 
Re preden ration and underdtanding: otudieo in cognitive ocience, Bobrow and Collino (edo). New York, 
Academic. Preod, pp. 185-210 

t^JUljVL \ La (jJLUI J lilt I (4) 
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jJLkJI JiLaj ^Lc 4j*^ojj arcs, (jjjlj^i I nodes 
i>jLjt CjUs^LkJI jjjiIjJs^I (j ta «" Lo_Lu jajjtLio 
»1 o ( nLi 4_L^-u_u_lI1 jJL*JI o i ill La 3_}Lcj .^a-u^Lall 
I ) j S «* jji^^l LaaJI Lai 1 1 j k: ^-jju (^H-" juiLill 
Cil S, i lxi I j ... A i ( _ ;r Aj i»l a i ill 3jj|j_»iaJL> L^J (j iul^ 
pi < j ui II »\ JukJ i ,il Sj^Ls (. i i ii mj .4_lCj^ 4_JVj 

^LLLja^ ^jJJ uuVI 3.3 jjJLI (_LA^iJ 4JVjdl 
« ijr j_^aj j_yJ5J jjLLaj)) 3jLi£, jj_u_a_i j^)^*-*-^ • ^ ^Quilian 

•.^LUI 4^11 Jic 

^ 1 c (J JlII « ^ 1 JLseuu-u Lij 4 1 £jl£> 1 j u^c ^Jt £) J 
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Li. oVLv aj^Uil Jii*]l La LJLcj 

J , ^.""j n>^Lcl « I -<-Li3» La^ =Li>.V iaLUsLi Sj^j_UaJ! 3JL>. ( _ ;r 3 (jl 

^JJ 4ls^Lc ^jj^Lc tj^^ (< p B (j-"^-^- 1 ftj g-AX^-j 
j_a (jH-" 3JjL»JI jl individual jj-oJ! «£■» 4ja}L«J! - ijil 

i«(j_a cLj-C.j_3 4_Cj_<u*_a» I j't*^ 'J (_Jjj>.| 4js^Lc i-dLuiJ 1 ^ 3J a jjiac 
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o^JU^JI C.I\...A.II 
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tJ cljk.oUI .ISiJI 



(jSLIj jjglaJI »l air <L<jijJlJ j»Lc <L>. «1_l>J! Li jjLLaJ! ^L]! J*C uJI ,j-a 
jl^-ila H ^1 air fiU_ujJ_i (((J^j» ^ o i nil ^Ll>JI Lit q\ jJ^SJ! ^lLiIL-uj 



j»! jju! 5j j La a. ^1 oLpjV! (jjiSjjjlLu* ^jL>.j j-^jj CiAt jlsj 

cL»_u_i c Lajtj CjL>.1**i m t u\ ^\ ^J-t-o ^Itll Laj> (j-* ci^- 1 Cy^* 3^^L 4i_j2La_i 

.^LiLJ! a iui i u. £LuV 

'.Jila .Uj,„« ^J_u_4-l ijj-^ i(J^LlaX1 j J LaJ ctLa-u-u-JI (J_a_>J1 (J_u_a_l ^^^ylo-J 



(^JJ i^jJjj 1 1 j • ■ a j <-s>jL V i«43jlaIL)) iaLbl L^j! IjLa 
-.(jJLJI JSLAJL «3 u>iLU 3JLlL!I SJLjijJI ^ tUaj-LaJlL (_£jLa byr MJ-^" 
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o^JU^JI C.I\...A.II 



. d_Lj_>»J1 4^C_U3 jLtlo-l (Jjt^t_l 1-4-4 4 (( i—ij-L^i » ^LjlII aj g-AXI 
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fill Vj-qj^-a ^ j j ^ 1 1 ^-tx«a I ! jSLaj t5i 1 aj j^ll j-^' 4_t^ j flla * j^>-I (J^> 
j^^c i _ ;r lLlJ1 (jja-j j-ajuj . 4_JL?e^ ( j_ojJj cULj-t-^ 4J!ix-i t -^ T p* (J^>^1 

Simmons jjj » " jisj .«j»j-<J! J I ^Ja 3jLitJ Jj-UI l_JSLII qjuj^.» SLu>JI 
aJJt (Ji-o JjjjiaJ I j" ,a N c j <Lia.ula.ll CjLiil! JLxji 4_oL* LliLa-ftl i u a 
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Texonomies mUnmAnJI 
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.(2Lu^s^»i. >£Vl ^l^iJI) L$jLbl (jJI (5LaL*JI ^l^iJI) 

j ..-»>) Jilo ® partitioned semantic networks s!j^>JU jJI oK > nM ^ 
. (disjoint Subset J i aAJi " £>a) i (direct element-j_<i/Lus 

■ t— • Jj Jj 1 p J j a d j"i i"ia Sj^IjJIj «Lxjjj>- <■" 1 i*\ ~j I JLa3 '-(j ' njt^J Jjj^ ~" ' Lr^ 
j J c) ^j_>Jtl i_La_ujj La_Lu jjjj^S 4_La_i_ul^j (^u_a.}VI «Lc^_aj?e_a-i 



((j-* '^J-^'J-^ «Lc j_<j^?c-a) «<_3» ^\_J Jjj-aJl ^LjJI ^_*-uj-J1 j-Usjjj 
3^_j_i_1 d_LiJ_a ^jj-SLj jjl £_ L$_i La J->- j_i V 1 j 3 La *' a fj^l^ iO-3jJ1 (j a * 

£JL& a 1 JLsbu-uj 1 (jl 

jail 
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Partitioning semantic networks 4*J<idJI mI&nhJI 

JJL^tHj 3jj^?e_a CjL>.1 i u a Lj^-*-" ^.qJe T LJ (jl JlAaJI ^jQ^>X 

_}JJL>J 3j-sLc i_La_l1j^>J1 £JLA £_j_<3J>. jl <"r 1 c_t^e_l (2>^J i4_dJHjt-o C)L>.1 i nfl 

4j j^>u Cj L>- Luii, 1 l_2 jju } . 4_iij_>J, 1 Cj L>- Luii, 1 

jjlalj-IL^I ijj-^J 3lj^>JLl CjK i uJJ 3_oLfc «Liju3 i^-lj Lo£^ i«3jl_u_u Lillx^j (J^J 
LlAj . Cj Ls. Luii, I qjz «L>.L_u_o ^Jl Lo 3j_>o q^jl^ seJ LoJLt^. (^JijjkjJI j^_*_uJI 
4_j£Li_oj LcJ 1 Cj Lo ^-Lt-a (JlLo 4 4_uiL>. Cj Lo ^JLlo jj^G- « I ^* » 



<J-^L3 J_j_l_LI1 <J^-i * iju^jjn clLi^ 4jj^?elil jj>. I (JliL« ijr Li Li-t^J 
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tJ cljk.oUI .ISiJI 



equivalence ji>-"i ( ..Li Lai ^ -i LtaoJI (^c. (jSLx-ij w allb Jl .^.A'.VIj 

i^lui ^jJ! j-usjj us (i rv t _ ! )=( t _! <=f) 
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O^JU^JI CK;.V,II 



( V x E x ) p (x) < = > (v x) (member (x,X) ==> p (x)) 

(jjj . LLax^aXa Ij-A (j^/ cUSlaJLl I LI l^lILII jjljUaV (j^sLi. (Jji«-i J^J-JJ Vj 
La jjJLl VI ljJij_a-4j S-LLal Li_iliC.i ^ jdl-S_JV jJI CjK j i^itl Jjl^J 0_j£j 

(^^j-CjIj-JuII J^LvV ^ < i n" Lgj| t;r utxj unification, 4jJl;0.jj 4_Lajjl^ic£^ 
^2)^-4-1 (_£J_J1j «$ JLu_Lll * iJ-^-i (J I j i nig . «L>.LlU ^J-a-^JI jj-a «Lc j_aj?e_4-i 



^1 Jl?-**( ( nL (( J_u_lII (J^J * )J-*I*1J» <Jj-4-l t^J-II ^_i_ujJL «QjjLL« ^JL?E_1 

(jl dilju i- . i .iL>JI ^aLjj fjy^"' ■ "jj i pattern matching Cj^LiSLii!! Si &\jl*3j> 
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JSLjj*)) al g i u? La Schubert dijjjji j»jls jlsj 3 ; t y. « cjULSLj 
JlS Lul i«S (JjlS ^LaL>JI J-&» JIJjj/ ^i^jjj i,_P3jJlII Ij^J access skeleton> 



mineral (j.iLjJ.1 l-sLA^Li 3_^LiJI oLlSjIJLi fOgj ^jJ! PROS PECTOR, 
(j-a 2 -ijt^^ 3j>.j j_, \l A", , „l (_g jJlj i(j uic ^il i nil (_LuaAJI j Iaj|) pros pecting 

J< j /h J ' la i "J (_L>- L«-jIj tiJLijt ^V^J 3 A L , ^.tl jJLkjj 

jLJujJ (jL^ I nK 1 1 Lu/j^ia (JSL-LgJI (jL^ I <i K 3 ij ...All j_a|jj_iJlj CjLiLlJI 

^IjLa^Lj! Sjljj (jJI 3_lIVjJI cIjLClAJ! 3_Uj d^ljj JLSj J ,^at j . ..All 

(jLc jjIs jjs Lajtj isUlSL^JI CjLjLjSLIIj ^Lu^M JlcI^S (j-a 3jJj_o (JjilaoJI (jjs jj| 

2_iJ / M j ^ Ronald Brachman, ^ 7 \j I j_ijJLjjj p j^jj 1 1 'j''" j^^j 
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<L>.jjJ! <j_a jjJa-UI ^1 .ib jbi/l (_gjJ! jj_uLi/j iKlone iL*_aj_J! 

, ijt ,.,fj Fahlman (jl i j^' a j / ' ^Cjjjj-Ju JLi^. Ij ijIjjjV! LuLufj (j-tjVl 

. cuLjjJI '"'I aj-ilaalb 4i^aqJLl ju^Lill (JtA x - > ' ^ 1 ^ J (j^ 1 naejl \lj La Jab 
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tdij^Ja SjILoj w c I tig i a VI *L^jJI jj gla J-l3 3jjji£. 

a * * Post ^ ^0_i-u^_±J M^j-jsj-II Jj taJcXi L$-Laj 

2 < 111 j«_Lc Markov, lijijU Cjl_<_ajjl j^iJI 

J-«^>- S-j-b ( _ T i^. rewriting rules 

■ 3i »mUH CjUUI 
i(J o_c-( "-^lj 3_j^.LljVI SjLcLillj 

t_uL>J! (jjjliaj i LrS^a I * j 1 j Lai£ 4j| ( _ ;r UL^j 

^j-oAj ^j_a j-*_u_i^M t uL>J! JLiAZu 1 i o 9 iSjlcLoJ! jj-a 

i La jlj-S jLiejL j_LflJjJI La LJLcj . 3JlC.LU! 

^IjJI V jl .dJJjiT U-5b j-aVl (j^ijJ ,j£LIj 

.J_aJLll ^J*C mi ' a 1 1 ^J*C mi ^jyi^. (3 ' " Q 
U I C J-^tt-lj-J (_gjJI g-a Llj i 1 I OJ^-d SjLcj 

jlcIj^JI 4^.jjsj*js (jjs SjjSLLI JlcI^Jl!! SjlcLs - 1 

:^LJj J lie 

<^u_ul> <4i-ua> <Slj>f> = g-> :<4-pa-L^VI cLcj^J. !> 



(J_<uIIi3 (jt (2)^-4-1 L<1^ t^LCi-AVl fil_La_uj-a (JplJL>. (jji^. (^^Il>»j 

. C-<-(-u Lxt, 1 (J_<jjlJ1 IjLuj iC_<_uj3 (^Ljj - J) j LaJ 

LiLlxI! 

tj-LtTu Ld-u i^_oLjj-jJl ^3 ^ Lo-tiaJU «L<ij1jJ1 3_3j-*_U l_t_A « ( jjjlJL>JL])> ^^-Lt-Li-uj 




". tl-j , ,. A 1 1 j_aLjj.il! 4_JT 4_l>._u _M J__!j_Ll! J i __3 (jS-i j«J 

L^j^ljj. J^g i n"t _,i>- _)_Lo _M jJLaj L_j_o ^'C i"i J__!j_Ll! (j^o-^Lh? *— 

j-l-T 4_JL«JI S-ulj-*.^! 3 o i nil e_j_i JL__! . 4__Ujj 3_j-j.J 
j j ... A" ta J <L_j_*_,l 3j___3 - La l_-eJ C^p- i4_p._u_M J__lj__M -^aljj (jjs 
J 1 Jjj ta J JLcljJLJ! I J j ' a J i -"»"'" -ix!j_> J^JJ c^-J . 4_)j--U 0JL_> 

j___1 (J_— — — Jl ui . I J ■ u a * C r**< < nVLi < ajj Li^ CjL>.1**i m < nVI 
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. ijV! CJj^Ja (jH^' tl CjIjjI iy^-J I *Ia ■ .-.VI 

i.-.h.i-sj UK-HL^3l j*<tj ,t — 5ll»-Lu'^I jlcIj2JI SlcLli^> ouL£ UKj 

0 13 Ji ' a (^tJ-*-*^ (1)-° -^1 tX" ^jj t-^p* U**tt1 ^-oLjj-aJI SjJ^S 

jjji Jl>] jjl (jSUj .U < .,„wll ^ SJa^ill 3AL,^1I VI .S-p-LuV! JLclj2JI 
.3_3j_»Jil CjVLjc^o (j-<s <j1_«_a JLsco ( _ ;r 3 I J Lu 1 S (jSLflj (_^itl CjLiLj-lJ! 4-j£.jj 

. 3_<jVjJ! CjKj Mill 3U,„lj_, 5L3jjJ,| J-lUj J^. Jj^ ,j-o Lij^j 

■■, Ui,„ ,ll Jlii! I jla jJiUj 

^ t j_uSll_ia ; 2-4_jJLjJL>. 
* t j_u£[i_ta : 2-4JLjJL>. 

3_j j 1U 1 1 Jaj^ ,"i 1 1 (jr^ l£ J-^*- 1 ^J-*-^ ^ ^ J-'- 1 N 5j i a ! JLu 

(jl (jr -L«_4J ijjuti) (_fjj>.| ^j^, jG i n"t (jl 3j^.LiI (jSLxj V 4ji 4j*_uj (jj^JJ 

jjJj (_gjJ! j i ii lit, 1 



(jl-|jL-_U 4_L>.Lj (jja-^jSLc-lJ t£j\jua c_t_ujHj ^jIsjj V 4_l>.LuV1 J-ll^JLllj 
(j_Q 4_3jj>ji (jj-S 4-al i ii i i L*ji £-«^>— 1 i4___»J (_gl ( _ ;r a L^-Lo (_gi ■ La ui '" 

d La i ol S j ^ 9 fiLii_jJL>J1 ^£ L^-al J-*-**< < a\ c_t-ujJj Lai . L^al JL*-**< < ul 

>J| LgJLc 1 "*N J La aj (_>^aju ^JLaj i_a^--i 4_Ll*_a j-uLlI LS-ua j , ..At 1 
(_-aj i5-tje-ulj"i .il LtxLa i__IL_& (ji^? * < - < I . V.a I " 1 1 ^J^. (__JLl!l 

.4j Ojj^ (_gj-Jt Cj-Uj-lILj JLclj-iJ! ^ J-W" i n"t 3JI_>JI tfj-t 
(__a 4-L>-L_jV! JLcl SjLcLa ^1 Jiie___i! Lj!j_a (_yaxi ' (jl (jSLx-ij 

(3jj£jLa l_i! JL>.j 4_-ui (jr^) S^ri^J-^ j j*C 1 1 L^LlLiLoJ !j-La-i . (__1j La£> J-llo-J! 
(jl (jj-i i jJ-LaJS J (jl (j^Lflj dJJj_ij ij_al_jj^JI (JjJiju J i nil (jjs ^ j i ^-i_t 4_>La 
i LcljJLlI JjJUlJ jl i_aj_%. 4a I i 'n Li ^^Lij-tl! ^Kj^jtl i_^j£j_UI jL$lj 
jljjl I «i K t^Lc 't^JJ • «LluI->-H Cjlj-ullll Jl__j l^jLLLlo.! jUcjV ^Llt-j 
I j -> M * i l_-jL_C I i LaJI J Lflj se i a (_pa!j_ia! £^-j^Lij_l!Li JLcljJLl! .SJLc 

. \l j , ^ 3 ^9 >^-* I 
( _ ;r lJI 3j_j_%.jJ! (_--* 4_4_vLj_iV! JlcIjJL!! 3j__L_ 4-L5_£ia O i njl g-xLaJLj 

4-ij-i-x 4_ujJ_u (jSLIj I i aj I dUj (Jjl-G-^LlJI J i a-UI 
3_J_,|_2J| ol j jjalj-J! <LLa Jal.LO.VI ljcj (_£ jJI ^ i njJI j LajJI J 

j_a (jjjIj^JI SjLcLa («-*o. _-Lj_jLi 4j^/ j Lalll I (JLj-^V (jljJLa jj* lj-^j_lU 

c_t_«.lj_a L_HL.La.ll (j-a ^ j i aJ j_iJL__j iCjLla S JLc ^-La-L-jVI JLcljiUI JJLC J-Lu 
jl I ^ i a a I S j»jLc (j^s j_C|_lL) 3_Uj_v SjLcLa L_a__a I I jLcljiill i> j_t 
l_)L_jJ| 4_liJ_>JI Cj La^ Lt U d i La )1 p ' aj IjL^Jj .3_^>.^a ^jj>.| 3j__L_J 

j_al_lj_jJI (__J! ' 'jl ■ V»~ II JLiol l_jj_>o ^alj-J! p 1 l a a SjLcLnJ, 4jjj_ 

SjjJjJI 4_j_Ll_JI jjiIj-lII CjLlIVI aJJt J o i(j-__c £_i!jJI J i a-Ltl jJajl) 

Forward or backward chaining? 

JjLxj ^--11 ^ 2jj La 1 1 Laqla (^1" i" i nVI 3_! T jl) j . ..At I j_L4_ (jl , ,. i 

(JplJi-sJ! Vj! jJaj I jLa . Lg-mj U (_--JI (jSI aa-i! 4j*_ll_C i JLcl j2l\ ) j a u L#j 



6*ipUuUI .^c I gill 



(j_a < jL>J1 JjJijo JjjLL^JI dJJj OuL£ I j)l La jj SgJ «QjLi]l CjLiLj_J1j 

j la j ...All | j| |_a| .^jjsLol J i ..I i iuj (J-«-»j ^1 J^-Sj i(3_ajJLU) SjicLSJI 
>3^>JI) SjlcLU! ,3-a j-^V! t_jL>J! ^ SLLj-a ^Jt i_sl j_&Vl ^1 Vjl 
JjJL n_a!juk^/l tfjut L#j JlcIjJlJ! < La j-iij q\ JjLaj j«u . uAJilll 

>LajVI |_gj uij^a SJLs. ' La • • eajl J j jj i"H I Jut J^Lkjj (j-al> J '"I ' h" (J-«-«-J =LjT 
(j-o Jjj f«-4jV i ( _ ;r aLaVI J i ill i ."ill jJaLitl ( _ ;r Lc^/ JjLj/I (jjs Q^Lulj (jj jJI 
(j-o (jj* JLij jo_^_iV (j_a-L>JI J i ii I i ii "It jJaLitl (JjLj/V (ji^c I <j-aj iCjLiLuJI 

.2_S_«1I <_sljufcVl 

J) I * **M L_a-J-3 j^j-jv^M ijr l^. «Lse_UdIj 5j-ua JjjJaJI iS ' J ^ 

(^yi J'^<i joSLajj ( _ ;r aLa^/l J i ill i n'lll jLxa-lJ . 3-aLtJI 3« LiSLILl 

J . ..At 1 ( IjJLl 4j| ijr 3 ijr il_>JI J I ill I n**(t1 1— 4— . CjLa jJLU JjJlJSO jls (jy-i-JI 

JjJlII i_u-LaJI <j-a 4jLa i JL*. ^1 ^jlc j .<_al jufcVl ojl^j 3 SU'U jicljill (^ic 

. Ji£.l jjijl oJLA j j Laj (_g jJI t_4-uj_ULj 
JLcl jJiJI S_c:j_aj=_a (^.3 j m-ajj JJJJ La IjJJ^ ij^-aLa^l J i ,il i n~itl ^ j 
( j_a j-ii^l (JJ J LaJ—Lc LijLtiaJj <L>.I ^jj ' 3 L_fl^_ui (jy^JI SJlcLoII J^t_jJ 
3_UiLaJI a . Jju La-ii j_LA ' . Ijl i eagJI i—i^l I Lua-Lmj Jjj . U",H cLa- i"ij-a 3_uiL3 
i4_JLj 1 j ; uJall! 4JLLS ^ i 1 aj i La I ^S-uJa3 (jSLaj V (_^<JI 

.(_fj^>.| JLclj^ (j-j-j-LaJjJ £La_uj^ O^jJI dllj La-ij (^Li^JI (jV 

.d^JaJI tfj^j (4) SNARK j (3) OPS Olj ,, i ^ a Jajuj 
^j_2jj i4j|jJI ^xlalj <_3JLA LsjIj j mjLaJJ Q^SLj ^^jLj-JI (J-mL n~tl 

j»jJLj iiiJI 4IL3jj(_a JjJLs. ( _ T i JLcl 3jsjiia ^<ua2j J-iLS 
^Jj J . * ijr lL>> 4_ijj-LaJ1 j> JL^J ^ a**i i n 1J i JUJL>. (_SJL^ jc_i^2jJI I JJt ^ 
jritj SLsLUal 5Lul£_al jjs 5l2jjlaJI I j^j ^EMYCIN J-aJLjj SSLa^jj: i^iULu 
Ja^j-iHi JjiLr»o Jj^?E_a_i i La ui u tiu_pe_i JLcl ^ill ( __)^aju JjjjG {j^A-i *.4_j_aLat Jajl^j 
^ <i 1 n jij .^La^LJ 3jU>.lj 5^_La^>. jj-a j-it^^/ I j -> *. > JLa_l V ^jjiLIj icL_(_L»_a 

CjULo ^j^LuJII Ji-ju (jl j <■ ilU n -.^- liM^t l (6) PROSPECTOR 

Jal 1 u i nVLi L^jJI J-iJI (jy-i-I1 (_sl JLA^/I c_t-uj3 L^-La J-t-iS J^uj i ^jl 
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j! l^Jlj* (_jf Jf i.ii j i3_LjjJi.l i_al jl&VI Luii o^J-^ ^-VJ ij_yxLaVl 

"Closed" engine or guided dialog 
i session jjUtlll Sjjj <LI ju ^ cjLiLlJI 3*lj-aj LajJjj Jja^/I j-o!j^J! 

.3<iUU djoi.i? La jji I jukj .t_^UJ! L^ajJL ^pJI 4jlcLal]l oLuLCaVI 

^ J he j i ill ^jy^-Il 3j-u->J! d o U» t Vl £_juc^ ^tqjej ( ■ A" . .. 1 1 ijr 3j 
C^p- iS-LtjiolaJI CjLilll fi j*» ^Ir SjjLaJI (_>iuLj 3_p.LijVI JLC.I jJLJI 
I ( _ ;r 3 *j taa» Jji (j I i'\ ~n 2 lj J i uj I a J 3ej i ■■ a £_a jjLxjJI 3j.lL9 
£_a ifiLLtj-iis 4jlL) jl ^Ijl ^jyi^. SjjJilLj ^_aLjj-±J1 JUjjJj ^yJh o\j>S^\ 
^■J (<T^_a w 1 C lj-i-^L9 L^-llC J ' j (jr^ iSS' 1 '*' A d^~* ^-*^>^ 

0J-q1 jJL«-a JjJbe^j ^LlII! (jJJ £^1=^ ^ liiljj i £jj La ' I Jlj i nil 

1 o 1^ Jl j inll (Jl a < nLi j ui^q-U ^1 o i ii t Li jjL^jJI * i^l t nt ' d>^-4-ij 

. 4jjIj 4-ojLs >! gaa. I J £j>.Ij_j (j! (j-a Vjj ij^l Cj Laj I < a ^1 ^tjcj 4j| 
«L>.j-Laj (_£ jjl (Jl j i nil jl i"f I «L>.j jj 4 Lp" j (jl (j£La_i jl ^>> 1 J-A (j^. ^-^J 
(jl «4^ljjl»j Sj^ljlll CjLa^LtI.1 lJ £ "^-d-* J-°^J-^' 

.(j^aLj La 



strategies for connect resolution W jUttJt uLdMiil jmiI 

(j-o Ji-Ui (j^-i LaJU£. j ... At I ijjjl t n ^jJI «* «j ^ (JaaJ I (J^*» ^^LLa_t-£sl j-ul*ij 

I j ^ U jjLl? I jl La jj-2-j (jl j-jJ-i^. 4 jlr (juilljj tjjqjJalli! 4LL3 Jncljill 
^Jaju 1 U . t ^| ( jj J T^". 1 1 (JjLs La (Jl^ ^xLa-J (jL^ llil jl i(j\Jt_a c-t-UjIu 

.c^ljLjx^l 

fiU (j-t-La-j (^jJI C;^_ujJlJl juj_=kj ^Ljj-jJJ (jSLx-i Top Level ^ Ir VI ^"i . .itl 
t j_SL<_j 1 ^ ^ . Lj_lJ 1 j 1 Cj La J_SJL 1 3 jJLJ La-tla LJ j Lu L_uj3 JlC 1 jJaJ 1 c-<_uj3 
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fcjpUuUI -i^lgiLII 



j_lc dll i (jSJj i j-oLij^J! L^JLiol dLui i Ljjjj j^I jil! c^jjjj I < ^- j I 



d ^ fcs *\1 t 4_o_i£ 5j-us (jj-^J 'JrJ-*-*-^ ^-°^>-^ 4_jJjL9 (j- 0 ' ' ga « 4 Lise j * rt 

( _ ;r 3 dlJ j J-aJiJ a J i_jLjj/I j-aLij^JI p 1 1 a I "-^ nil! j ^-oj . **^JJ 

^ 1 c JL9 I C ^ . ^ , , ,. 1 ^_a I ■ 1 1 3*; LoS* JL>. G ^1 La ) fiLi-a L>. 

^V (j-£-«j t£*jp» 1 Lr»JLi^> La J laj j-j-iiU 5_lLiL1I! I ju^ ,jSL! j . jalaiJI 

.(_£jj>.i SjLcLs J^tJ j-i><-! (jl SjLcLs 

^aLjj_JLa 1 jicIjJlJI i_^ujILi ^ 1 ma ' j-alijJI ^Ls I jl j_Jul! 4-jLLaJI jjLjj Vj 
Vj .Sjujo. ojlcLs JSLI ~ j-» -^tl i_^upJ! .ij^ej (^jJ! j-a 3JL>JI ^jut ^ 
^.a 3 j j La ~ 1 1 3_LiLSJ1 jnzljil! jLai.1 (jl^ I jl VI La-ija s ljo.VI Ijuk (jaSLj 

«L>.jj JU>.| Jjjj-La (j_£. (j^CJj 'U^ J all ■ a Clo=_) (j^. L>*jLj (j^jJ La «LL>.j-a 
i« j l£Tal<j/» 4jj*_u Ijjj-u VI tfJLA Jila jLia^.1 (jSLa-iJ tj\ i"irVI (^ 4-La-A^I 
4_JVj"n »l Sjlnr tjlz. !_gjJalj jlj all jielj cL<j/Luui (JjjJI jLudl jLj^l 
Jo-I (jl jLpC:VI ^ (jjji.l-tljVLto.VI JSLI (j^l^Vl li^t-JI (j-a I JulI*! ji£l 
iSjJIj-Ua JLlSjLIII (jaSLj Lajut^, LlAJaJl «L>JLt_a (jyi^. SjJulII ^Jt c-L^jJI j-ul_*_a 
i(jLSLaVI jJ_2_l »l j i"iV1 ■ La 1 iuJ (jl jj^j i"ill (j-G mi J^js 1 nilj 

.«^j^L!l (j-a ^^ujJ (jSLIj 

j-J-C Ci se j II CjLljc-ljIj "1 ml j_Lal_r»J, Lajlj (j-l La ^j" a QaSlj (ji Li-Acj 
(ju 1 ijl . >■* tl <Jj-p- 1/ I 00 S j£jjs ClLajUU (jaio V LaJLl^. ^j^jA", ,,.11 

>LiLa LLLjj IjLa .LLaoJI oLiLuJI (^ic l^jjOJI J-p-" , ,ng ioLLJI jIj^j 

filJLaIo.1 «L>.jJ (jl Jjj>JL ((j tLaJb J 12 ga j se-uij )) (JlLa <■ 1 1 nL>J1 (j_a L>.jj>. 

i>J_A » )l_JI ^ILcu (jj»_(j3 4CjLjLj_lII ^j_<jj>. jLiIo.1 (jj JLl t Lujua I Jl>. 3^-^ 

U ^J"*" "'"'^ I Jj> (Jl-aoa-l 3 "^j 3 (jlc lO 3-T i^ULu ^Jj 1 jJajJ 5JL>JI 

d 1*C i"i LI ojLA ( _ ;r 3 jJaJu i_3ojj/J . JoJI I JLA (jjJ La ^1 sUa^j^J (_gjjjj 
oLjLj-jJI j j , ,. A", t iSj c 1 11 II J ua-aJI) LITHO j_al_jj_j (j^, LjlLjJLs. 
.Sjj^ljjJkl Cj Laj U LI <LLal£T =L2j (jjS-J (jl g-jLaj ■ ■■ ' V Lajti^, lAj^jJajjJI 

tl JLC Ij-SU 4jjJj^/I ? I La c j 1 jLcljill c^jjj^J (Jjo-VI j_uL«II ^jjsj 
I J j a joj>.j_1j (jyJ-ll CjVL>JI (_y3j 5 l_£bj_j-C (j^a J^i^l I $ al 1 "' ' ul JJ^J 
tiilj Ui^d i3Jl£:L3 JSLI 1 nill ^IjicI^VI jljSLj jcjlajj (^lll <-jLuI leaa-VI 
^> J V "1 1 11 j joJ L^j^ «(j 1 11 m» (jl (jSLaj (jjJI JL<z.lji!l (^1 4jjjjJI (^yjj £ l-aJ^ Ij 
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j^cl j_2J| » .'a .,jOJL>. <j-u j^h!-*^' O"^ J 4-2jj_LaJI tfJLA (jl VI . Ijijl 
'.ilJLso La tj-iLl I J S j j taj w C Jj ■ iU i—isljAI (j^/ JLy" i n" La Ij-lLl 

(jjJI 3_i^sL>JI cIjVLjJ! JfL*J LgiV niDi jo-Cj Lgj JoLto.VI t_p=J (j^Jj 
La-ljj ^ Jl?-" 1 11I Laia ^IlII j^jj>.^1 J-cI^oJlIIj . (j-*-*-a . ^ *j ^ 
LjjejLu (jV iSjjLaJI cLa-iJ-C LjjV ji I j t£ j-iojil)! f-fj-i-j] I JjI ^ jJr"i i uj V 
4_2_jj_LaJLI J^aAXIj (jjj^jjl i"^ i—iuiiSLuj/j . La^Uol ^ J-ir" i n" V ^iLa 

ijLcl^ill (j-a^lill £ji!l ! JL* 4jJVjCL-uVI oLAajtJLi JLcl^ill LfeS Jaxip fjjjl 

. j-aLlj_JI (j-a L^SJLs. jjj_t£. (jSLaj (jj^Jlj 

Does or does not allow quantified variables? 

<— _a 1 i ii LjLUail! <__) I i h-v (j-u 2_aL* 4^j_oj ( _ ;r L^. £-<-uLiJI (_LvaAll (_£ai>.l 



4_a1 Jlj^-**( i nl (j_a a -»J.I » )l i n -»J1 J^laJLl cLtsLuaVI SoJLJI .(J^a^j^Jtl 

(j£La-i i<(jl_2-La 4J jjLU (J^» 3JGLaJ! tLxLkUl (jla dJJjJ : 3jj i u U Cj \j j i" a 1 1 
i ii -k-i (j .1 j lj i^^jVI «L>-jjJI '1 i ,!->. 4iij I j ic j_iojijJI 

. jLoj_a fiU J Jj*_a j-jLLs (J^ (jt ^o_u3oj J^J-J (jt I 1 1 Laj j 4j^/ S LlLUaJlJI 

JL»J! I jukj 1 1 /j i^il^j. (_,Jlj Sjij ri i a entity <Lja_Li£ ^1 I go£ j lalll 

(^Ja-Jj-L! (jj-A Sjij-ilLI 4ja_Lj£LJI (jo^J '^r!-^ \) J ^ ^ fiLaJaj^/1 jj-a J-JJ^ 

^liLai i ' " 1^1 j i a flj d mi^LU, ^Lojcj JLai =L>.L>. I ui'n 

ijj>.I (JLlLaj . «LalH^t_a ^LaX.i J^LLa ^Jl cLa_u_o2j ^ ulxII 5JL>. 

(jL^ I aK (_g jJlj RI Ohm =V (j» ji) Qaj^ «i-3j_JLJ)) L^Uj_l (jl (jiajlliiia 
^ iX • tiJLxJI j-jJLLtl cL_a_j_a t. i i ,i-e_i (j t jj-Sj (j^-tj! jj-Jj-J-ilLa 4_a_ia «L) jj 
(jlj S jill LjLUaill ^_il i M -vj Jjjij>J,I ^_il i n-»JI (_Lu-a-i (jl-i 4_JLlll 4jjL2JiI 

J^Q_a^JLI ( )l i n^. I \\ ( )| , 

L^jji^ SJjLiLA Jp-_j3 3-ayLt-a Ri3js^Lva V duL^ Ijl 0I-3JlC.L9 

j-lC jjjj duL^ l!il 4_aaljt-a J-^C Ij 
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fcjpUuUI -i^lgiLII 



£j i ( _ > ^3ji4-ajU a I = V/R i. i i n-»-l (jjl 

(jLLayLtA <La^Lva L3_ajl«_aV OuL^ !jl :2-3Jl£.L3 

JLa-" i uLl (jji i. i i m-wI {j jl 3_a jU a J-^C- Rj 

£j tl _yaj lf» R = V/I (■ jjj 

oVjUII 3-ajl«-a I c*jl£ lit : 3-3jLcLa 

V = RI <La ^L(_a V j 4_a ^l«_a R J 

P = VI.. .etc V = RI o-l jjl 

LjJ jj3 ^-<_l ^-J i La (^jlalj-ILs! jj ( il (_j-^i '""^^N M (j-a 3-*-^-° Lul3 jG La 

j! i^ljJLaVI I juk I afi JulJ3 (jJI Lai til!j lSjJj^ .-.I t; — .M ^ 

(J Li- -iLi 4_jo.L<_]^M JLcljjil! CiLcl j ir-i a i h"j . jJL^j J-i^ 'LLi LU ojLjJal 

jl) 4jSJ1! ^jLlill ( _ ;r a ^Usjj (jl (jSLaj 4-2iJ! (_^Jla j_usjjJ iJ2jJ! 

l_L& i."' j i-^o J-i! '.(jl i .it" ( nVI J-HiiJ 1 I JLA (jr^- 3 ^ - ^° . (sUajj-Jull 

(j^/ llLIj^j i(^_»_a ' (_ ;T l*-a (jja LjJ U. Ij^sJ « (J La_o. ! » d a K Jor" ( nl 

j-_j_j_>JI 5^ i 3_}Lc (JiLa_i (j^-Jj 4 SjLc tj^oS-J V (jl i ht" ( uVI 

<LijI i eaaj CjLaal«_a jil ^ Jx. jaiij 3j.lL ill Jo. ^/ ^L2j w ta «j Jl3 (_gjJlj 4JLr_a 



3j)JLC CjLI • 'hjlzS (j-iJI JLcljJjJI Jl£.l^j3 Jo.1 (^Lll! J HI ^Jo-~i i uj 

£-°L>-jJI '— .4—L.L.i-a tajl ■ a ^-t LiaJa CjLI ^joJI (j-a LsLllss! j! 
LjjLajijj . tj\Juz • a i UjJ^ j J ta '_' (_^<JI CjLi! jl (jl^JoJ! ^j^- 1— SjjiliJI 

CjLulSLal (jl-ij i3JLal^ 2 1 gall j 4-aJlj-" 1 nU JlC.1 jill 3jlX.La Q^S^i (jl 

il 1 LaLa-i SjjS^a j^l ^Jl 1.". 1 njl LjjJ! Jj^a jlu (^rlll ^JibUJLa i La Jo. ^\ 
(J_uaj (jl ij-^-aj i_gj_J! (_LaiLll (^ jo. 13 ^Luk (jjSLj (jl t_ocJ 

^c-iJl^j ' ■« 1 a \\ (j_a fibLs t Lla->J \ ^ 1 d Ah*w t, I CjLiLuJI (jl i tiJej < nl 4o.jJ) 
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La [juj-lm L^j^/ ttLflgj-Ja CiLvl" u i ul ^JLa-" i n" (_^iJI miUj £ ^*- 3 ' jJI 4Ji_a^/l 
. jjLlilLi A La a *>i-^ J-clj^ £^>-jJ! <_<J LajJ 
(jjLi^Jlj i ) ...All 4-Lajj^ai.J iJIcljJsJI (jja SjLcLa (JLM! JJLajtJ 

SjLv VI <r I J-^-'jJ (jl ^Jl*-i ^Ldal 4J (_g jJI i^jLUI ^ ■ a uj . 

.^aj^jl! I JJt, ^ 

SjLiJLi (j"n*j jl *lj-3 <l! 

(jjj-La-i i4jL»JLi i j xtaj i IjjLLs Ijl '.4-^ 

^^a, i (J^HJ iS-iLi-JLi (jMjtt (jL^ I jl : 5-,3 
Cj^s. i(_£JUj iljL>. ^L>-2j Ijl .6-3 

j 1 niill 

5l &l 1 a a) 4^jL-a I Jj** CjLajJLU QaSj (_ylll J^.ljJLJI £-J-<t>- (jr^- *— ^J"*-* " ' 

2ji^iL>. jj^j 3j^.L9 JjtLso iSjlcLs £y» jii£l (^Ic- (0 o-iJajl I jl -2 

. (i—ijLiiajJI dla) (_Ll3 (jjs "iSjjjj-a 
<«J I jl i ul i ja^j Jai 2_p-Li^s 3JX.LUI 2 La 1 ul _oj i_i^lLaXI J-«J<-!I -if -3 

.3acL2JI iJJUfc JlLa 

3_J/VI JSL^JI 

(Ijl>. (Jj-dJ t ^-uaj-j U ii-i) '.JpLa^. 
djjjJaj Cjaj~ <_ o) .4_iSLa-a i_sljUfcl 

. 4j^jjl jjJI CiljIajJ iterations Cjljlj£jiJI (j^s j-ui SjLsjlII (_g ^LaJjj 
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6*ipUuUI .^c I gill 



■ ^ , , .v, a j^jLo-sJI 3JlcL9 
(^jG iljL>. (Jj-3j i^_uaj-jl_i_t-£5)- ( ^jL5^>. 

jj^Jj L#jV j<ri i ,n i-Sj^La i jj. 1 ^" 1 ' SliLa 6 j 3 j I j^clj^ :2-jIj^3 
.J i. i U -.tl^ jJ^Vl^jJIolj L^.V 3 

: ! jla w «jj 

(«Li LiJLi j^pijju i^jG i!jL>. (Jj-sj t^-Jaj-^i * i 
3 j I (jLjjLcLSJ! J < u i .i" j J. 1 k~.lt 4LL3 6 j 5j 3 j I jlcIj^s : 3-jIj£j 

: I jut w " *JJ 'OJ.'^" 1 ^ 53jlcL9 jLlisjj 

ij_a|jj_i!l i_k3jj£5 i^vijjii LajLloJj j^>-Lj i6-3jLcL9 J-ijj :4-j!j£ij 

. (cj^>. i» )J) i4_ilJLlLi (_pi_L*j i^Ju iljL>. (Jj-oj t^-uaj-jl * <^>) — JjjL(L>. 

i_sl_t-£5j^1 I 0 j >Ji c J^jJaJj (jrt-^ti&jq (^_i1^_o* LujJ ^ji > Ta ^ \1 ,j 

^xisljJI (j-aj 'Lf^ Lita-La Ij-u^i jj3 jj V jLcljilll SjlcLs (jV (jJjVl 
CjLuJj (Jj»IL>J,! dJJj) . Ij^>- (j^ 3 ^ ' a 1 <aj (j I 

ijLlLuk (jj^J (jl S^?^ liJJjJj i4jL«JLi (j"'J»"j '^J- d Lu" J-J! (_Jjj>.i 
isLUa_aLiJI 4j*_u-JI 3-1 jlj 1 u U ( _ ;r & l_Lfl> 6-3j^cLaj . Lg-iK: <_3jjiiL! JLcljja 
4_ajJLa ( _ ;r ^ Sj_jJU>- 3j)La "LsLUa! j_fl> 1 J) (_p3j_«JLll 3_JljV sLa-Lbe-l La J^J 

Cj_ja« *LU ( _ ;r 3 (j~H»_jj iljL>. (Jj^J (jL^ :6-3JlC.L9 

<_s}l_Li-VI (jLa i^Lij_J! J_JLi3 LjjicJ ^ii ij_uil]l I Lu>=?-i I jsI j 

editors ^l2J1II J-aljJ ^1 jieljj/Ll i4j 3_lL«JLI 43jjJ,I (jj^Ljj) JjJLtu £-alijjJI 
. LJLc 
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Use of plausibility measures in uncertain reasoning 
oLiLuJI (jV i!ju>. ioail^JI SLpJI J^U^s SLiliLll^V! JjjJaJI t_^lJ3 V 

j la ' ^ j 3.J (j ii *C <"i ( _ ;r ll! iCiLvl" u i nVI dll j£j iSj^Jjs j^c (jj£j La SjLc 
0j_fl> JU>.^/ lSJ - ^ SjLC CjjjJa jJsj . i 'I ui I 1 (ja-Su La LJLc. j_u->JI 

CiLvliri , nVLi 2 taxij a jj^uLia 2 U , „l j|_ux.VI ^ uncertainties j-*-t I 

Ori I (jj^ 3 - nil I JJ^*"' tT^I tjl i .it" i iiVI CjL>-jJ ^Lc J*\ i"n 

(j^a SIjI jjkj ' 5 ^EMYCIN j-aLij-i ^ 2_ajjr"inU S^jjUl ii4, < ^,^>;,„j 
(j-aoitjSillJ MYCIN J-aLijj ^jicl^lj j_ujJI 2 tt-tajVl £-alj-J *Lu CjI jjl 
2 a Lj >J I U-^ SjjLHI oL-uljjJt (jja JJJ^J! ^iJLLa i^yJaJ! 

dJLpj (jLiL^oj <j-uji>Jj sedward Shortliffe, ^^.Ji-djjjja-Ju -ijlj-il CjLjIjJ LjJLa 

Henry Prade Jjjj i^j-L&j Bruce Buchaman and Dick Duda 
(jLu (J£LJ d j a I i , ,-. « j| JLaIo.1 4j>.jJ JLJJLao (_yLc «L2jjJaJ! ijJLfli ( _ ;r uJjj 
CjLjLuJI (jl ( _yjjtAJ 2_aLUI 4-2UI ( _ ;r i*j) I (jl-J '^J^' 0J-d> CjLiLuJI (j-a 

j a 11 Jii-ajj i(jLi£Ll!Li 2_oL^ oljLuJI jl (j'ti'j) I - J (j_l£LjJLi 2Ja.>Li^> 
(j^a QaSLj lOLiLuJI 43jiju I jl (_£ jJI OjJI 0 , 2 2_ajja .^LlII j£tlll j»JlC 

ioULlJI sLIc cJjj !il i^jJt jl»JI 0,2 jJt^jj i2Ja.j|_u3 La>jLi2c.l JjStll 

^ ^LUI J's i"itLi I (jLu ji cLuJiS cLJLaloJ jc j-^J>-iJ • 2_j jL^ La>jl j"r I (jSLaj 
2_ajS L^LiSI J uaJ, QaSLuji ^,11! il—W f SjLcLa Ljjii^. (jL^ I jLa ! JLai (_yILc j S (!) 

(j£U-i }La i^Lla 0,3? (0 ^ JLalo-V! Sj>.jj ojL^o iLikelihood value 2_Lous 

0 , 3 (j-a J-J^l SjLcLill aJJt (_y3 t_! (JLii>.! (jaSij (jl 

".J SjLcLa LbjJ (jl (_psjHiiI .Sjl^JH J-^C cjLajjm 

j <======= ^ ju j i (jL^ i ji 

0,7 = (^) ^ t0,6 = ^ tO^-Q ^ ,0,8-(j) ^ 2_i2lj ^ a 

(^^UMI Jj^j^JLi ilajl j^U J) SjlcLSJI 5_aJLS_a 4-i£| JLums «L>.jJ (J^-i 

0,4-(( S ) L .(ut) c .(1) c )) JsU (2^^a) c 
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0,32 = 0,4 x 0,8 = (j) ^ 
EMYCIN i. , i ,i^ej S (2) £ 4^lji^iacJL>j^a oLo^Lla iZjj^Ijj 

(2) L 3 (i) lil (2) t-0) (0 £T :V J ! 

^JL^L (2) CJ (I) c li! (2) £.(D (2) C + (I) CT = Lu£ 

oljLil U4I (2) ^ j (I) ^ lij = 

2^+ l c 



(12.^1^1)^1-1 . 



. 3jLjJl>- Cj Laj I < a j^tjjj ~ a JUj-j JL3 d jal i , 1 1 a | 

L#ji jjfc (Ullii) SjLcLaJI jjj-oJ .3jJLuJ! fuiillj ^-1 g , ail <L£j_U cuVU^.V! 
(_3j|jJaJ! 0 JJt ^fl jLl«Jk! (j-o (jl^ JL3J . 4jJLjJ!j 4j^-j1! p Jbai\ (j-u L -^>^ 

3_LaljtJ! a^jji^JLI c.Slf a% .(2) £+ (I) ^ = £ .Umntl j-«^>J! ^laie^J 
(E £ jl .sL2^}U l->Lum] j j^JI jl£ I j| 431 EMYCIN gjjUjjj 
j j j talj iO , 99 - = (E) £ 5_lSI Jlj^J,! 3-«-jj3 j! ^Ijj L^ioj) i9 , 0=) 

I "j^*j' a iO , 9 - = (E) ^ (j! jL21c^U j^-Ij i.Minj jjjI j!) 3jL£.La 

j-al^J! ^ (jJLl! ji i_JLJ! <_ , j . ■■ tt j! (jidju i0 , 09 iUj,„jll 

0,90 = (0,90 -l)/(0,90 -099) =£ 
. I jjjo- ( _ ;r a 4jJLjJ!j 4j^.jJL! (<u-2JI (2tV j^Qj IjiSL&j 

CjLvI" i" i ii^U ta «" (_^<JI el j a I i , ^. 1 1 j| ^| i iit! i Jill ^jij^ 

^j_A_JJ-ij J-liL^-l ^^^j-A CjLjl I rl^**! ( rlVI ^UJJ^IlJ cL^jL-uJI ^JjLjtll (j!"< ) 
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V-jljJa jlisjV 4o-L->J! *L#o.I j_a jL^-jj-fl-a Q^ljl^ (j-uLji LilLut QoSLj JlSj 
j1j-_SJ1 ^jjJLitlj jqj 40_}J_i-£3j (_£jJ1 jlj-SJ! ^Ji loJ J_uo UoLlj Qojl^oj 

jj^o J£J I a 1" ^ e-a J_Ij 4 LJo-cl 3_^l£_a| 3_aLbl £-a i Luk 43l£Le-a 

. 4o«j|jJoJ,! 

2Js.> ^jlc LkjLlc.1 ^ ji-tj 3KAU 5l>JL«I ^gji-I 3-2j>1o aJLiAj 

Fuzzy set «3 ■ aULlI 3_c.j_a->J.!>> 3j£La 2 Sjj LaJI 0 jut a , iCjLjLuJI 
cdij (^j-ai 2 .u „l : tl a_cj Ji ^J,L3 ifu-aVI Jju La£a . '-'"•'zadeh ujlj I j ~j U 

La (jLjSLI I jj** j-uJuJ! QoSLj (jjJIj icLx-Uslj .Ja Jio. LjJ jj-ujJ (jr^JI <tcjju>JU 
»1 i h rtl a_c^_aj?e_a JlLa 4 i ^ r J?ejjjG ^J*C i"i i 5 « j , >. « 1 1 ^Jl 5jj ,>.«t1 4JL>. ( j_a 

JJLaj (_g jJlj .1— iL Mill dji^iLa. j I *JJ* ' oJI CjIjIj i ii II 4^. j^i^ca 0^_La->JI 
Function 2 A j toj ( _ ;r jfc 3_Ua_aLc 3_cj_a^*-a ^1 ji Jj^ 2jj 

L^_u3_i_ollj (j - * - ^ (J"° A^^J LlUdj^I 4a3j Lca£ J_a jJjjLl^J 

a_o_Jo^J1 Jsb j d **'JJ ' C ^- >, J-^ (J-^W^ -^L)"^ (j-aoE_uJ! ji^ (J^-a-i ^ 

j^'^ ^"jj tJax «L>.j J UL5^ 4JLtii j-a-»J! (jl^ llij j^'^ = (l) a Jo 

j d ' o —(2) Jo 
j * ' a —(3) t-i! Ja 

d "' JJ ' ^"J- 5 U5^ t — '^J ' 1 " f j' J1 1- I jj 0 < ' = (4) i-il Ja 

0 , 3 =(20) l£] Jb 
0 , 7 =(50) Jo 
I=(I00) al Jo 

JLaaaj (j-<jiJ! j-j^ j! <— -> I i Mitl Sj£La (jla i L«_Jo ^jLil! Jo a. ^ j La^J 
V jl i"rVI 1 OJ- 5 *Uox.Ij 3-XLoj&jS< I Jl>. 

. «£La-i JLaJI s|_uj>JI » (j-a jj^l t_iLiJI ( _ ;r a-iJ^VLa i ( _ ;r aSL>>j j_al dj| i 'I ~<t 

i 1 l_JoJ I ij_a!j_> SjLC ^LUajsLiJ! 2_cj^>J,| a j j A ^ (_jjJo Ji^J 
a_jla^ ^ (6) PROSPECTOR j-l-l-^JI ^LtoJ JaA; (i^o. u-^L^' 



^-HJ 1 d_al_*J1 d_<j_j_SJ1 ^jjC La cLijuaJ d_Lj_*_a «L^_lS d_i JjlLu ^J-U Ltiajl 

. d_Lj_*_a l_3 j)j-Lb « ^ jjlj JaS » (J-J-flJ till !i 
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LaJ_t£.j i ljL«^>- j»l jjLi-aa. Ijl JJLr»>j (jl . .." 

VI ' (jl ' «LjI (J^-dJ (jl ' '"' j^l t-il_La * 'J**'^ j 

.Jala Jjjij-i 'jj L° J>2j <j! ^jU",m" V tiljf 

lLs-S^ U", ,,,'<* 2jI A< II Lxj ~ j i aj La_uc 

4jl (Jj-23 ^ I ^jti" i ii" lLLI ( _ ;r liLAJ- ( Jjjj_i 4jI (Jj-2j (j! 
tjLt^aj> «LjI ^1 ij-^>«I 1*1 uaj» (j-ojij Cl -4J- JLJ L)^ 

Umberto Eco ^'"jSLjIjjjjjjI .dpi uL 'LSj-tJ 

jj-o 4_Ll^^ S-ISLl^JI cIjULSLII ^Ijie^ul 

CjJi o i ii JLSj ■ 4 a b -» a CjLaLtoI 
La>j^i schemas, «4lal uJI 2 j 2 La i 1 1 i_sL^5j^l» - 
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.Sj^ljJ! 45Uejf ^ ^BartLett c^tjU 0 mAUl (JLtll 

ilil < 111 rft^S 4_lLi£. S[ i ■■ u a <-^=-J CjJjj Li£ i«diljLU^M» - 

. (5) UNITS j (4) FRL Jla 4^ j_> oLiJ Sji^ ^ *5 ,oLu jJt! j a jtjjUI I 
(j-u diLja^LnU I i j a i a j ^ (jj i nlj il j dJLiLSi jj>.j(jj ((CjLtjjjl m i nil)) - 

. ((j-olill J-i^iiJI jioj!) ' aSI jJll ill Jls-VI 

jj_ij_J <Lx_aj_jJI 3JlI Units «cjIjlj>._jJI» jl Prototypes «^jLq_lH» - 

.jdjjtLail ' ^' 9 ^Rosch (_>ijij J t~ ^jLa-" < ill (_gjJI ^jIjj^jJjjj 

(8) SMALLTALK Jia .4^aj_JI CiliJ <>a jJ£ <yj Objects «oL>L;SL!l» - 

, (I2) MERING (M) FORMES (IO) ORBIT 3 (9) FLAVORS j (20) LOOPS 

4j>.jJlj j»Lc <U| L^Jjl it—iLjjil SjLkJ iOjeCt «(jLj£» ~ I La ■ a a j»JlieIL<j/l 
<tj! ^cj i«jLLal» (jjiaLtll jUaj^all LuLij i^jji-Vl CjWjJI 0 La »" <UaL£ 
t_£J-Jl ^—utll (jj-^- (j-* l>ri-^ JlaS i^j^-jSLjj-aVI Q^1>.LlJ1 4-a JL^-**< i h \ La Ij-;*^ 

. Vj! in no 4a.j^al La J_i£: <U jjK 



ijr 3 L$_a1 Jl-?-**( i J £_jLiJ1 4_j_LalJl < _ 1 ^ a 1 La t <a I J ( j r a 1_i J_C VjI aJlSJluj 

(j-olj^JI $.1 o . ..t (^-Aj iattributes Sj^JLI '"^ Lu^\ qjh _}J-c «U ^L£J£ . JL>JJ 

£>^-4-iJ * cLt^JLlj ijjl j_ulJ1j i ( j_u_L>Jlj ij-dJtJlj i^_i_uVl (J_<j_iIIjj (jL-uj^U uJI 
(jjSLu_u iSj-jLw-ll FACETS olac-ik ■ nil -i^-^- cLiua (JSLJ (j^^J (jl 

^jLlSLU ^LiLo ^£w<j_l£ i3j-j_<j_L1 «La_LS J_iJ_>»j ^aJLc JlIc JLitlu (jl tj^- 4 - 1 

(j-SL<j-ll • ^-cLj-oJI 120 j 70 ^jljJU 4_jjua1jJ1^1 *=i-<i_t£ 

4-Lo (^-^'j ijr^-' liL)^' CjIjLj^ ^.aj-A ^J-uj (j-* i '-^J-*- a ^ 1 ijr^ ^° 

i^jL^JI (jj^Vl ^JlaVl fib jijLlj i^jij^j-i^ ^Kj^tl oW^' jl <V I 
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i "'I a i a II (j-l^. j i ala I (_g jJ! ^jaja-J! ( _ ;r 3 j^jjj j«J tLaUajJI Jj ir-iLalll 

fjj-S ^ja-a-iJLi 1^1 11 3jjL<La JrP"^' j»JLstjjjil JL3j . 3-aL«JI 

£_a ^I-Lljlj ^yzjj^a L$_La ijr jljLJ ^jy^-11 lj-l^laj^l ^\-La J) fljj Q ilaJI ^J"" '""H 
'"'1 se-i-La i ■■ 11 (j a » J (_d_Jj £_a L^J (jjSLuj/ (jSLlj ii_Sjjjjiil IjjoLjj^M ^jij^-i 

.CjljJLl t_yizjjX\ 1 j-#J 3 i^iLjJl 
4 j (^IjH^Vl pj^H JljJj*Hj <LjiSLt^Jl CjLjLjSLILi (J_u_ali]1 p * ^ o i hjj 

4_a_Lflj 4 j i<-ilj^l £ La_i3 (Jl J p i ul (jSLojJ i3.SJLK-a ClLaj U a j^l jjj V La J_t£. 
(j_a £j-tll Ij-A (j' '* . 4l>.j_a Sj-o.^/1 Cjj^Ijj Ijl 4 ; l1u> 

Jal i*ii ? 11 4-La-ifcl d l-^ 13 -* \j U " j j ^ <LjLl 3jLc l-Sjju ^ jJlj-J^jd^VI 
(jJjVl j La i 

j j i «J 1 1 .^aVI ^j_a £)L^ ii ^l>-?"'^ 1 u Mi^j-La 4jr 5 4_LLt_a 3j^_t-a 

^1 JLxjjj/Lj (J-lLCU! 4-2jjJa (jSL«-ij . ^alj-J (J^^u JLaX.Vl (_>^i*J jjg. 
4-u!jl>.VI CjLajUU s I Lag L i(j«j>.jjil-4_LL«Jllj 4jjIjj>.^!) ^"jj ' H 
^ ^KRL cLre-aj-jJI 4JLJ (J o i~ii"j . ^jl—jSLLl 4_t_L»_a j^^al^^. ^* * ^_a 4jj^-tiaJ! 

i domestic «3_lLs.! jJ!» cjUIj^VI ^ ^ . .m La tllLi^a (ji-c ,j-a 

4_a_^3 -iLsej! JlLa i^L*_Ll c l-'jJtA oLiLig. (_L»-flj (jl La JJLrsJ 

^jl—L^UI Lj^S-t LaJLtg, dJJ!i (jj-Lc VLLa ^ tajl * i . ( __)-a 1^_>J ! ^ * * 
I q K Jjuti! ■ La ui S (j^JI ^ '^((^Ljj/jLaJI » CjU!jj>-'^! liJLufcj i Jjlj Laa^ «ja^jJ! 



f UiaV! J^b (jJjV! 4JUJI 



4 lj ( njj *l-^>-J O"^ (*LujiV! ' . " a 'j' a 4_ul!tll Lai nj-ujjtU (_^oliejjiVI (-;r ^. 

4 , ,. t 1 

«L>.jJlJ Lljj-3 Lo ^j^o-O-l (jL£ I I— a j-Jj-SUl 4_oLc «LajjJa iJJLlA (j_u_jjj 
(j-ajLi^iieJLI (jj-SLj La Li-JLcj . 4jJLc <_SjjijJ! t_4J*J (_gjJ! i_k3ai! (j_o £ L^L^ 
(jJI (_£->Jj JLS (Jj^s-Vl (j-ajL^iiJ! jl j* (j-£-lj i S-lj-Lta-l I Ajill <LaL>JI 

jLitj! ,j_a ju V <Lil Jj 5 tl LLcSUjj . jJal jJI j ^jaAlI! (>u ^La^LoJ 

(jlalj-ci LoJLulS '■ i ? a IjLa* CjLs^Lo-V! OJLA jjLtjj LoJ_t£. l_o3^o 

<LuLiiu 4^t^» (j_o 4jr lLjLJ fiLtSLJj i 1j-)^alaj^/L cQjL-al £_o A j mi a" a ^Lj_o j^^JajjJLl 
,3 nun SJj-ij 4ajL%al JLalo.! w ' a J la 'tl jjjii^. c_<jc-i3 i« loose COUgh 



iJjJaJI £-jjVl (^al^jJLi \l jU" , ,, n ^l£Lvu ' (jl JJj-i Lul 

4 1 a " -tt_a ^ j ii^ ^LajVI JJLxj (jl (j^Lajj . (jaJJIj j^j_U jibajsj i(_p3jjtJ!j 

jJLa 4jtjlj-U 3JL»i>J,l fUal\ Lai iSULil 3 j 1. 11 itL 2UV.j njruljVl (jrO^Lki! 

:^LJI 

JjU" ,,,11 
(((La ^j) JUiSJ!) JaJaJI) 
(((La 3_oa2]|) ,_p=jj«JI) 

(((La 5u^l) j^jJ.1) 

.cLi_u_ujJ1 CjLt_iia_i_aJ1 ^j^* J (jVI (^pajjLJj 
(jl (jSLa-lj njLSLil 3j_uJ>l (j^sljjjl (_JJL>.I =l-a_i3 JJ-soj ^ 0-lSJI - I 

. array 43 j a 1 a a jl .<ic.jjiJ*-a ji icLai^ jl 

lSjL£) : J Ho 
((((j_i^T)a*a2]|) QoU!) 
g| j 1 r-i L>. » (jil _o^3 (_gjLSLi! Sj-Loll pi a 1 all JU>.| jj* (j^UI (jl I J-A ( _ ;r L» ; Jj 
(jil .«j_ixaT» (j-Aj *L«jS L3J Sj_uJ>l Sjir^LjJI tfjut (jlj iattribute> 3j_La-o 

LiJI 
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6,..,l,*..ftH OliUSJI 



. (_ySIaJU I 1 nill liJJi (jl 

((dilM 2u^l) gyJ!) 
(((4 ^l^l J^ju) J^jV! jjui) 

(((3 J^Vl jo*) 

diljj «4» 3jL>JI ^j-i-jjZJ JJLC 3 ur-iLa.)) 3_»_l3 (jjSj 3j!j_J! 

.«3» 3_3j^)J(_0 CxJE I Ir-ll (jylllj 3jlJ»J! 

iCjV^ajJ.! <j-a 3_«jLja JSLJu jijjSII a'jJt, ojSuj • constraints jijjiill -3 
cJLS lips .jL^Vt 

1 n_i ^La ^ '^1 Lo ( ' squill j-o d j ui 1" « L#ji I jla (jl^ iSJajL^s 

4-a-iJLll (jLi L#J 

(((150 JaT) 

j^ju Loj_t£. i Ji^lUI ^ S_^L>. 3JL>. .possibilities pjMI -4 

(j_u_L>J1) ".jJllLo 
j^Juo) ^_iiJ!) 

^£j_t1 L<i_A i-*-^ **' q J ^ * (j-u_L>J1 ^ a LtaJ cU£L<i_U p -uill _} J_rtlu l_t^3 

ijj^-L^JI 2 A neuter ^lilo juL>J11 - 1 V 5JjUe_a ^yJLJLjj itiuJJLlj 
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q\S I jla iji^LflJI £yc juljjuM i5j^>-' 4ijjJa ^j-^j ..intervals Jj^Lill -5 

. t£ =1-*^ ' " 1 * '.l*^' 

(((150 j^) J^ljis) 

<— > 1 1 .i-»J (<._ . i .ijt 4iij 3_ij^S-a)3 lijkj «Li-> . uj . procedure «lj^>-l -6 

, (7) KRL 

'J ^ '"' ^ (J-* - * '"'^ se_ila-uiJ id^tjjLjJ! » Jii-a (jL^ I ^ilLa jJia-uls 

cbLiIbj ^ La i til^j 3tjj,„ , ^ 1 1 nVI * )1 i n~w (jSLs-ij . ^ i < u 2I ^Lj'j i<Lu_oJ! 

^ JLy" 1 j nj^-uVI ^jj I 905 jjl-y Jjl (jl =La-ii>. (_jJJ-jjs Jo^jiu^ ji.Lj 

: I t 3 1 3 ; 1 ojSLj VI Ja>Aj 3_JLlII 3 ; , „11 ^ 

(((311) J^l^)^) 
(((121) J^U*)^) 
(((990) J^!^) 3_L^,) 

((jo.Vl . ,.*l5>liJ! jrt-SV!) jjjS) 
U^ii) 

(((((3_L^I) 

4j-^xJ!j JL>>Lj 3jL£,L_u-a 4_ajJsi^ «(J! » LlA t_£LJjjLlI1 3l.it (Jjuljj 

^^_) * \\ uu» d Uj ^_Jj p^tl ^jufc i"i )| (_£jJ! (jLiSLJI (j_« A Luil\j 

cLoj^iJI <L<i-i3 I <i K JLoJj (jl t^-^cJ 4 a-Jaj JJL>«J . demon 4-<j/!jj>. -7 

jua-lj (jl sUSLx-i «jjijJl!-SjLJu! » (jLi^ (jl^l iLa .SjJiLtil Sj_uJll 

(j^I j-JJ" I o K 4_u-ulJ 4-<-uljj>. sLaJaj 3j L£ (jSL^jtS t ) i^aa-VI J I j_«j>.^/I (j^UI 
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6,..,l,S..flJI OliUSJI 



jtii.1) v^l) 
(((«^ jl^JI.^O 



.hierarchies ^tfjAit JaXmJI 

object programming languages CjLiLSLl! 3-»-aj_jJ! CjL«J L yz\ ^Jt \ (j-a 
i t _y2i\$ se 1 t ^ o i hj I o S ' ^ a 1 **' >■ 1 1 CjLjLjSHI iJ3 _oj-A < nl i n" ^l_Lu ^ o i uj Lgjt 

jjLLi (jL^-i_fljjjij) 

(((( viLaJ )) CiLdj a) 

n I S*i t )> (jjJJI) 
(( JJ>. )) Lj£-L_OJj_*3) 

(("j j Laj V» O Li.ua) 
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j j Laj V : i_i 

«J»5I tall)) <LaL*Jl pi d-LaJI £_a J^l^axi V «5_aL*_Ljl» CjLoj-£S jl Jaj>.2 

Handling objects uLiL^JI J$U 

JljJlkJ! <j-U (jjs i La l_kaajs J? La (jL£ (_j-Lc <— SjJtliJI 4 K i"it, jVI (jlajjuj 
Lg_i_i_l (j_a (jj^-J La 3j)Lc i^^y-UI CjLa^L«JI • dllsc aJ 42ajlj_iJ,l CjLiLiSLJI (j-a 
£_a (j-ilj (_gj-JI jLiSLII JjJ-so , ij I U 1 1 j 4 fj »j jtl J i ill i n" 1 1 CjLa^Lc 
g_aj^sai! (jl^ I j>La . Jj , ^A'tlj j .1 U",tl j-yj ( 2 ) SLaj5 j jjs jj£ L> 5l LajJ I CjLxi^jIjAI 

(jl^ i jjjLajJLi j-tl jj^'j-" cjLiljJajJsV II ^j"- uuJI i.'it xll ju5 

I j " j -1 i ^jja Lga^l ijr »_u3^aJLl ^jjl 4_LaJL-t^ 4_JL>. idjq in" j* <>.«WI ( j-a 

. Jji^lilJI (j-a j-j^I Ij J13 ^ La «J ^jVI d j a i n"tl q"^ i^ii'h jll j» jJI J-Si 
SZolovits):^' 5 ^ (jiilSaJ^}-") <*j!^j CjVLs. icllLlLSLJI QaS^ La3j)Lcj 

i5uIL>JI oLUslj^^U 3^ajLa ^ ta^j^ jL£JI QaSj I . i>-3U,v, JUL*. 
cjLUslj-liVI 4_ajLa (jLiSLII £—l^>j u>^? ^ " ' *** ~ a ^ ' <Lj-ui 3JL>- 

. cLajLiiJI 0 Jut ( _ ;r 3 ^Lti ^ t ( <-> «Lj^LS_!1 3jji!Li (j-ujj (jSLIj ' L>.jjjtajs 

.4^ jJoJj joJ 5UjLUI oLblj_iiVI SUjIs ^ o^-" 
•.^LlII J*C uJL CjLUslj_iiVI jLlo.1 3-ji-aX. p ^ u La 3j)Lcj 

.4JjVl oULJI JLijI -? 

4-S-LOJL I JLcljJsJI ^1 J-ir~ i iiL A n I" -»J, I Cj Lu3 Ij-i^^iJ CjljUaJ -t— 1 
. cQj_*_a j-jjLjlX LS-tla CjLus IjJjjS^I i>J_A c_«_Uj3 -_>■ 
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^—aLjj-aJLI 4_l!u_ut 4_o*^3 j^^-^-iJ •J- > *^- 1 tj^ '**' ' " ) tjl c_t^t_i ijr IL>J1 j^palj^V! 
<Lx^a j I j-jj. I ' * .'" ij^^ O^'j-^' (j -0 J-^' D^-P I ^1 



Reasoning from incomplete information, and by default 

4_ti2jJI JjLj/jJI 3_a«^La ^JLC I jj flj Sl^Lta cLul£_al OtjH (j-U JL3J 
£><il! £Lu! ^ 2 '^al 111 ^La^Ld! SJLa. ^ L^IAAJ ijlj-ill Sj^a- mi 1 ? 

c.'ijLa-'n ..I i *■ ' 6 ^Reiter jJLjj < U ^ V |_«^ iLLa jjjsj . Sj^a- uJI ^Lilt 
^laj ' pj (jyl^. q 2 4szjj-u3 w c I ilaj -**>V1 ^l^jJI ^_a1j-i ^ujj>. 

...... (jjl tClLa^Wtl SJlcL^ jj_a 4_Ll*_o 4_a^l*_a ^Li u t til 

jj_j_IaJ| p » ^ « LJj^ JiLa i_dJ .« I jl^ d ri ir-i L#J «Lui/VI p la « a » jl « IjlSLa 
. «. .(jjjiaJlj iS-oLatlll ! lXc Lo j-jiaJI ^ilaj 1 j^-ilaJI ^uijv » ijr L»_4-i " j J laj 
Jlj ^1_3 i4_LoIa_LL1 4_o*l_Ll1 jj-* 1 (i jl ( 'i ^-aLjj-ill (j^^-i (j' JLJ ' ^ ^ ^J-^- 1 ^ 
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(l>")>t^ < V W t5i>^ 28 Co") 2-aL*j 28 ((j^) ^jLL 7) 

L_fj1 JLA^M JjjJijo ^j_a cU J_] V i^-tlaJ «(jjj)> 4 LLljlj IjjLLs ^jl C^jlb (jy^LJj 

:3_JLi]! 3U_.,„jtl 
JjjJ La i * jj-*^ (j-"^ i«LaL*_b njt 

jjJl Jlcljja ^J^t 4j>-j jJ! J^laJLa ^> JLa-" i uJ (^jJI J-alj-J! J a La SjLcj 

jj_a I gale J j" i iu (jl (jSLa-i V ((Jjj) <-£J 2 oJL£ lilj iLiLi^ ^ I jl» £_aj 

'■'^^jj^j «L«J 3_l£-Lo]l b Jufc C i i a i X Ji^J .(jJjVl <L>.jjJ! J^la-La ^o_ukLia 
J-al^ai 3 U ■ - Ij J ( ' 8) MICRO-PLANNER NOT, J_aLjJl! 3 La , u |j ; 

ojuk JiLa oj^-J j J .' k " 1 ' SJjLa 3-5=-ajj 3JLI ojSij (jl (jSLaj Vj . THENOT 

. j-aLlj-J! ^1 
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(jSLIj iiijjjiJ! (j-a L$j| (^yl^. ^jUj-J! jl g-ij U i"i 1 1 
tiJIjjl ^Ir SjJl2J! j»Jlc La LJLc SjJiill ojuk 

4jJLc 3«.Lo£ CjI j <Lx-aj.il! ^jjl i_al uija) ^1 
LJLa. 

( _ ;r i 4_LSLa-l,l gjj La ui II CjL^jjs. £jLu JjiuiiJ 

4_L^ljjV! CjLj_Ls_«JI jj-oAj gjj La uJI Jila 4jjl! ( _ ;r 3 

, d ^ j , ^ ^ t 

(^jl ,j_o g-ij U i"i 1 1 c-^jlJ j-oIj-j «Lu (jL^ jjaj 

Jjjljj ijjC- LtlaJ oVI >L^jJI (j-Co-LJ! CjLaLajjfc! 
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ale ^ ^Claude Shannon (j^jLi iiLo.LiI <J L>JLl I jjt ^ jl^Vl ^jl 
^■jJl^l jJsj . Jijij i_a^c JlS ;U,^VI ft l£jJ|» |u»! <j£j pJ Laj_^ 1949 

rO-^ill (j - * cLc ^_<jj?e_a J i^^ill (^j^. (jj)**' i uj\j £JjV1 (JjiuilJ LaLLaj (j^jLi 

,3 = (jL^JI '3 J^l .5 = 3_uLkJI .9 = j^l) 2LifciJtt ^U ^ ll ^kiJ 

jUs-VLl i3jjtl!l ^LUsjl <j-o ^i>ij j<uj2j Lfral jir" i ..V i( I = iSj^ > "* N 

i(3_&UJ.I 2LujjLlII o^j^ell! jjlc) 3£j^»JI j^l^ 3jJa2ll Sjjls jLo^VI ^ 

(jjtaj «L>-j.jj_tl jl SJjjjjttl j£[ i mil 4jJLji c La T ia g I La c I) j£[ i m II p J La UJ 

j Lalll pu ijj jJI 4-JLc: (_g jJI (_4^>U 5jSL«I! <zjI£j^>JI ^-S-ulLI! ^LUs j! 
!jj (jj-SLj (jl (jSLxj (_^JI cj1^j^>J! i_o£j i<l«-i^>J 4_1SL«J.I -sj-ij-JI £-j-«^>- 

i_4£.5U ^i>ij J .'-Vat j^JI (_gjJ3 (jyl!! 3£j_>JI jLlo-I p3 i4jjti)! ^1 Jajl ,j-a 
.^-oLjj-jJI (_£J-JI l£>-?" uJI c-t-j^jHil 4JL%.j-a 

p 5 J ^_oLjj-_i j-j^Laj (J^>l (j-o 3jjJl>. Ij-uL*»o (j^jLiu ^Lal> Jl9j 

Richard Greenblatt iO>Ltijj^>. uijjj ^ia! J-ia • j-jjla-jJI 5Lu>J ^Lb jl 
J^UJI c_^}UI fcta^Sul 

^ j i ..it! (j-oVI Lii! jls-Ij .^Ustl (Jl J u ( ill fj\c • Lai S III (jja jjx. j-j^I (jlr 
J_Lo (Jjjs.! j_uL«ji dJL>.j| Ji^j g 'j La uJI (_;^JLo (j-o JSLI 
Ojofc 4 j n its T (jl VI i^^t^JI CjLul£Lal ( _ ;r 3 pSLajJIj CjjdJI j^J-a (^r^ Sj Laj ■ ul\ 
(j_aVl <l u »j ^Lj_a J alLa il -i « I tl >Lij| J^>-^ ojsj (j-o I aJlaeJ Jl^ j_uL«Jll 
.i-nltl (j^a 3 i ii mjJI J-Laill OJjijI^I LaK (>£LLiiI i.iimWI 
^_alj-l ^l_b Jj^? LaJU£,j5 

(jl jji i^^cllLaj eaVI «l^jdl j»Lol 3 K Mia ^JJJ-II (jt^ 3 " J-P^ (Jl3^°J i Ujfcc 
djjLoijVI JVjG^iVI ^jla £-a Jill V ( 1 984) j^l LjjUo Sj^l jlil ^al jjJI 
Luk jJLy combinatorial explosion ^ Valy.tl jUt2jVI (jla .JjiaJI J^i ^ VI 

^Luaj^l (JSL1 (_^a_LflILi_u-o cilt^tj iiljj>.l L^Jt-o J j~*-**i i ii l ^1 i imVI (j_a <L>.j^ 

(Ja. (jJI Jj^sjjJI 3K m.U jji^cjj Ij^Jj 1 1 g-JI Jj^jjIII (j^Uj (jlill Sjjtill 

j»Ji£. (ja ptC.jJLl i^Lill O^^II JjJLs- 3jSLaJ.I JjisJI Jjiail (_gl ij^ia 
4_^_l^>. (j_a (_^Ja_LiaILi_aXI t^tje ill ? Ij^>*! 3JL^-"i i nl ^.Ualuj . iTi'r i II 4_lLi£, Jl fl^" i nl 
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JjLu-oJI gi jJuiJI i_jaJ gol jj 



(jLa i3-£j^>. ^1 n g 'j La uJI jjj CjL^j_>JI ■ La ■ "j" a (jL^ lil 4j! 

. 120 lO.j-Lu 2L*1J JLifciJLl ^L^j>U (^KJ! .jjuJI 

3 jia_>J 1 j LlL>. 1 j j Lea * i 4_i J-lUljJ 1 cLSjj-LiJ Li Qjp Ltlu g g *' ^ «L»_aj-j 5J L>. 

( (J ,V» aSHn JJLalj La SjLcj . <U 2 j i glib «J.VaVln JJJ-JI 4jJLc (^jJI 

. ^minimax algorithm VI 
' ' ".' Jl~ i^J • I " I4 ( _)£_»i ^j£i ^JLa-" i ii U g 'j La uJI =L>. Jj""1 ' j J^JJ 

13 




W 



^1 W: Wight B: Black aj J 

4-,0> R: Rook Kt: Knight 

diU K: King Q: Queen yjj 

JJ B: Bishop P: Pawn <s£-~s- 

is- oL.^j J kiJl ^JaS e br-T 1-14 JSLi 
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(_^3 3^*_l^jJ.! 3_u<ll! s ju vZjI^j^. j^JJ j-Laj! i Frey ^j-k iIjl>. 

j-aLij-J! j» . g- J " a J-A La£ (jJa-U^/l L$-l3 l_4j<JLJ! \ Jljj (_^J-Jlj i2- I 4 J *C i"i 

M A , ,.1 jLlitJ (jyJ-II (jl 4jr IjLX-l ^a_»J!)) ^^j-A 4_a JLa-" i u U 

. ^ j" i . i l l (jjiij (jr^- J^l J^p^*' (J^ 3 O^-*-" (jj-" 1 ^ U '^i^l 

e5-e7 ^j<,,ir e4-e2 ^j'sf.ir - 1 

d6-d6 ^j'C i „r f3-gl (jL^aa. -2 

i 1+ «Laz_u_Ll! (jj^tjtj i5 £_Uaj cL_uL^_J1 «La_jJLJ1 ^_aLjj-iJ! <■ 1 1 h"e-)J 
i_aljJoVl 4jL$j (^Jl J i —J ( _ ? i>- I j&JkJ i 1+ 3-a-L3 Lpj-a j a" i 

p )J I ^-aL-Jj-jJI ^ jJLi ^jt Jjljj . fiLa-iaJjj ^jL>J1 ^J*C ijr S j d ♦ 1 1 ntl 
^lo* i_dl_LA ^JlaJJ ij-*IoLi_a La^Iaj (jr^l 3j_LjlLI 4_a_jJLJ1 w La *" t La 

. I i r 3jjL^e_La SjJLc ,j_a i( ( _ ;r l£.i J i^i'^l d ojiij J J j" i .") 

^Jl ^J-t-^jJ i(6) jJL*J1 ^ujj>. jc_i^2j jj_a w j**' * ' (jy^>- ^_al_jj-iJ! j a**< i u 

.(^SLa^J JLs. (jlr 3 rijl^JI 3-a-L3 4^_)->J! (j-Jlj i Laim JJl>J,I ^^a-^' 

£o iSjjtill ^LUsjl (jjs Oula J-^sj J-tC ila-uuixll J<! Mill (^Jl-Jliill 

(jiajj^L! 4_uojLoJI CjL^j_>J! JJjlI ^Ij-ajj (jlaaj/l (^jjLs) (j-u3 1 ((J ^jjl (j 'J 
CjL^j_>JI ,j-a (jSLa^s JJLc Jjs^J (jlj_ajj (jji-aj ii_u^s i<Uj<l!t Jjjj/VIj 

((JJLA-l_J_a) 3 + ((J II l^>-< v l lr-l) 3 +((JJt3-t_l^) =J 

ijj^I QaS^J ("J" (J =La_LaJLl (jjiLflj) (ji^jl^fl 3j_La q\ ( _ ;r l»J 

cuLuji! jjlc LaJ^j i «U 2j.LlU Suj^iLiJI luKj^JI jjlc (jK UK 

Sjjjl! 2- 14 (_Lt-«i ( _ ;r 3 sLa^UajJ.1 Sj^a- i"i 11 w La i uj II rttj^J I 3-14 (JS-<I/ clr^iJ 
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£_a (. 1 1 qLuj 2 3 JlSjlII (jl 4-14 (J5> mi La^ . «L?e_u3aJLl 4_uL$_Ll1 ^J-SlI 

.p : e2-e4 <_*j<1j j! <jii-uV! t;r Lc cr^J ' ' + ijTj '■■a^ll <La-L<iJI 

: ( _ ;r Lj La JaJLjl ^fjLaJ! ■ la a. ^ 

La uJI i_4j>J «.Lul 3ji,i-kJI La^LLI uuJI c_^>UI ^jJL V -f 

(JIj^cj LI (JjLa ' "J i nxi VI ( _ ;r jt La d j i n-»JI ( _ ;r i>.J .SjLii! 3jJL«-a LgjLa 

i4_util! (j-a A ui£ ^J-2j V (jr^ Jjaj-^L 1 sLs-Lll! j-alj-JLl 

.Sjljjlc LsVT^j^jJj 

(j-SLJj t(jl j i n-sJI jLiSLII Qa^^U! Lajus-L cjIjLq^.1 tiJLuk <jl jjjs 
jJLc Jji (jjijjLi 4jlaL>. <j-a ^Jacques Pitrat cjIjILu <_l!L>. (jL£ jusj 



Terminal 
position 


Legal Moves 


Moves to check 


Center squares 
attacked 




White 


Black 


White 


Black 


White 


Black 


5 


27 


29 


2 


3 


3 


3 


6 


27 


32 


2 


3 


3 


2 


8 


33 


33 


2 


2 


2 


2 


9 


33 


27 


2 


2 


2 


2 


12 


27 


29 


2 


4 


3 


2 


13 


27 


29 


2 


3 


3 


2 


14 


27 


25 


2 


4 


3 


3 


17 


38 


34 


3 


3 


3 


3 


18 


38 


22 


3 


3 


3 


2 


20 


33 


35 


3 


3 


3 


3 


21 


31 


33 


3 


2 


3 


1 


25 


30 


34 


4 


3 


3 


3 


26 


30 


29 


4 


4 


3 


2 


28 


29 


29 


3 


3 


4 


4 


31 


30 


24 


4 


3 


3 


3 


32 


30 


28 


4 


2 


3 


3 


33 


30 


23 


4 


2 


3 


2 



(5) ^ juiJ u*j - j ji ^jL^- 3-14 

(8) < 

LsjLa Clcv 4 'Wilkins j-&Lj 4jl_u jcj ^Mc:I (t) ^ Sl^-Us^U 3K Ml 
. uj 1 1 j,^^ V*** 5_Lu_jj^ high-level shategies Ljl*J1 CjLljc-uIj"! . ..VI 
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Value 




Value 




Value 




Value 


Node 


from 
Minus 


Node 


from 
Minus 


Node 


from 
Minus 


Node 


from 
Minus 


4 


+ 1 


13 


+ 1 










7 
11 


0 

+4 


10 


+4 


2 


+ 1 






16 
19 


+4 

_2 


15 


+4 






1 


+ 1 


24 


-7 


23 


0 










27 


0 






22 


-4 






30 


-4 


29 


-4 











(5) ■^■ j2- 14 JSLi s j^^i jj^ J! J^sj (CjB 4-14 JSLi 



, I ; < 1 a-, U ^ "a I j ' ^ <i uljXI » I JjC-^jjui] I (J I <i itl I jut (_Lt>- JlSj 

<_a JujJI (jjSLj JL3j . cLiLJLso i— ] jilai, | <_a JujJ! « ^^uS « aj ut i U )) <_3jjlj Ca> 
jjj a 1 1 tiJLLU Jl « -il_Ua_U (jj-Jj-aJI (j - * cUtiaJLJI a Jut JL>. )> ^ut 

<_ajLujJI jluso! f^jJl L^LlSjo (.g-ijj i*LjiLju5 Lai Jutl j-aLjjuJI ^-Ltajj i«ju»-VI 
4jj*_u!jIoj/V! tfjut JiLo ^ JuV" i nj i_gjJ! juiLjjuJ! gutlaj ' njj • (j 1 "JU-^ 

(J-jJLse-jJ (^ujj (jlll c_)L£ju>J! jLii.V VI ^Lbej V d'.V-^ „t I li^tJI 

. 3-ULj_ijJ! i_a!jutV! Ju*.! 
" i iiVl J'n i"i sLajiso i_i jilai, I ^ i nj'ijJI i_ajujJ! 4 <j iU JJLaoj 

'c? "'J I? ''I I U 3_jI_<j^>- ^-oUjjJI liLa .^Ljj_J! L&LuIj ^yll! 

cL«j>.L^a lutju>~i (jj^-J JL3 3 i)JJi^i (jj^JI jLtaa.. V I jaujeufclJ (jjj-k 3 S^-^ J 1 
JL*J JL3 dilj ^jS-cu-Ij (I) (au3j Lu-Cj_a La Jut I jut ^ j i ajj i jLial! jjjj-tl 

iJjiJI tiLj^>o jLli-l liLa S (jL^uJ! jl JuiJ! ^Jju*j jf V ^Ljj_J! 

4£ju>J! o jut J!la (jl jjj_t£. j jti._. jjaj . (2) jojSj LiiLjuJ La jut i_dJ j ■ ^j'a 
jus. I t_gj *C i ii r («uJ-2j (j-a J-J ^La I JujJj i4jL«j>. j'v i mtl JL>.| <-i!ju3 JL3 

La jut ! jut juuuajj iju/il! iiij>jo ,_Lta JujJLj Lutx-a (jL£ ^jJI JjVl 4uLu»J 
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(j^a much narrower 3_j jcx-a <Li«; j il I 0 j-A (Jib jL*-JuVl 

Jo—ij-jj . ^j-il i ii tVl i—t-C^I tl cLijj_la_i (_)_«_«_!! j_al_jj_jJ! IJ_±j IjlSLaj 

^j^SLi Ijl^jj . jij-iiJ ! j-jjuJ ci^t_uj L^Li^L) uJI ^_i^23 3_}Lcl ^j^?e_) «uV 

t_ii£ ^JJ c-t^- j**t i n" I uuVI SjJilJ (J^fc_a (J^*-> 1-4-1 <- I I nL>J1 Juj^jJj 

j-o|jj_J! (jjSLj V JLSj . Sjj Jjla (j! jj ( _ ;r 3 4l«£Li g 'j La uJI *L>. (jyi^. 

J-iiaj o' 1*^" (J <j-°J J '- j| ' a '^i I j_lU j.* i— ijLLi^J! tfjuk (JiLo 

^Ir Sj^icj . J jii" i .1 1,1 3 ijk"* SjljLa ! j Sj-g-U (j^ ^01 I J lalicj i 

jJjJj-u j^j . 3_jjlU1 ^ j<sJL»J1 JliJ ^j-A Hans Berliner jJJj-u 

ij— Aj-Jl 4_j_oj cr^" L - ,L ^*-^- ^ Jj-^ (J^ "tx^.t| cLaJL>. jJa cl^e_aLjj-j ^jt ^ i a I 

^q-J 4^j^>* 73 (j-o 8 {j\ «Lj_»JL11 ^L^UjI jjtj 3^L>. <L*_ulj_i cjj-^lii jl^j 
tL? c 1 ; U ^L^jJI jc_jjLj cjju^ ^ ! jla oL£j '(^Jj-o 

(JjL_u_o ^jJI c-«jlU1 ^LJajt ^3 4^s JiielLcaXI £LJkl_t_U ^ « ' ^q_ujju 
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JjLmjuoJI J^g jJaiiJI i_isJ ^ol jj 



5_ujt jJI 2U iSijVl ji^i ^ J£l miU Ja. j-CUj 



II yaL-Ji -I 

. Evans and Bundy 

3JjL>JU ( _ ;r 3 3JlcL2J! Jljo (j-I 3 jLcj ' ^ ^<JJ lS 1 -^' ('^-"J-^t 1 f-^J SJ^L^ 
(Jl <LS »VK til! j i Lg_a Jii>-" i n_i (j\ l. i i uLaU (_^>- SjJLK-a sLx-ualj I ^*~^ 







A? 




o 




o 



V j jjSC lit- 5-14 JSCi 

tMio^i^s -i4 jsl^ ^ ajL^a 
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tJ cljk.oUI .ISiJI 



: ( _ ;r jt t_i JSLZu ^1 I (JSLl/ (-;r jJI SJlcLSJIj 
'■ U <"l £ (jr^- 3 .' ^* > " L 0 -*-^- tr^'j 

~ w I C I) jj-t-Ij n -»J,1 l_i_jjJlILl (JK i"iV1 0JI#J (_gj_ajJ! I a_u3jj I sl_Li jjSLxJJ 

: LLlLulj Lxjj iJ'C ."ill «Lui/VI Lut-lJJLs- (jjSLjj '"(jr^ " «a J "*• " 

(j^jj_a J 1 U j-e-a-^ji^,) : I 

(dJiLo t-kagje i c ) 

mi t w 2 la ' U J**< < uVI 4_lLulI 4_u_oL_oi Ltiajl ^^j-Aj £j_uLjJ! < ^^tl 

>-JI |8$aJ $tff $ » 2Ji-*-2 

S (g) cLujjJ! ^ a • cal] j j III J^J£- L*-lqjv 'J^^' JLs-V 4jjSj_<iJI 

i<(JL>.j_a jlj lilj .3j—o (J^ ' La (j^-^'j-^ * VJ^ f-Si^J 

(jLa i(j_jj_<itjJ,! jjlc (j-c j ulJ I j»j-><J (jr^li 'j-^l <j-° d ^ l£' 

^ a - eaJI jj-* l^j^ * ) j^l^ .J .'**' * * iy^ lS^- 1 L ^U-i C-Jj JL>« c_<_L>»j (j^JjLsci jj-i jJ! 

(J _Lc JoLijJI ij (j '< tl j-j-C 3 K miUj • L^i£ (jj^ Cr^\ 

V <jl (^J dili (^k: (16) jj^L^ JLob jJLc: Olj . &Jj2kJ,\ Sji^L^ 
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JjLu-oJI gi jJuiJI i_jaJ gol jj 



JLa_J (jl ^-l-taj i j_aLij_l 3_iLj£ ^Jb l_Lfl> I . .-.VI s ^jJ| A K mi 

Jj j S sdl-uLjij LLdi j t_jjLSJ! (j-o-l-A s- 4 ^' J^' t - J ' j^"~-m ^ ■ liAJu 

Ljjj i<*> I d i oj i. i i nl_r»J1 w la * * (jl <■ i se i idJJ!} (j-uLseolg Sj^ mi ill i_5JL^J1 

^ j mi j II aj^>J 3JiT!j (j^j mi j U I j /■» ^jSLj ^1 5JUJI) 2_JjVl 3JLtiI 

4-lSI j l!\ 3_!btl! j^>-T I d ■ a j j i (p "^j" 1 1-LgJU JLdjjVI Q^xCjj (-;r lII d d i cajl 
i(p^a-j-lll-j (j '< II (j-o ^jj>.^\ cLo-UaJI (j-tJ,L<j/ L < _ i -aj > . jo-gJLZljl JLuC.) 
CjUsjVI £_j_«^>. ( _ ;r i 4_j| j_oLjj_iJI Jl^Lij (jl JLjVj . 3JL>JI j^jjLJ Cj^LaL«-aj 

: 4jJLl!I Jo^j_<lJI j^Ijjj 
(j_a sLiUs J£ i(T) j Mijtl aj->J (jr^li -SJ^- <j^- (a) tj£; mi j U -JJuC JJJJ 
(j-o (_gl f_y£ j li ir^i = (a) (jl£ I VI njjLsjl sLcjI t_!jLdJI jl j-^-iJI 

' d^l j tj\] ngjj ' aail ' d ' aj 1 1 ^l_u Lu_iJL>. ijr 5 Lui Li_A . Ia \1 « ^j( c_^e_]j 

3 J jtj-ila.ll L^jjj ir^i (j-a J_«j>JLi Jl t 2 ill 4_lU_«J! LjifljLso t 3 n I" -si I 

i- i < i r-i I 4_iLjj(JI oJLflij L>Jlj Cj^LoLtll a I JLa-"i i uL Mjj-oj (Jt^-«-i 

t jjj uu U (jl cLiLJLa* ^liuiS . 4iil I JL>- I i c I 1 j a i— J LajJJ j-oLijjJI ^jjs 

JJl^. (jl (jji^. 4_aI Ju La * * i«. .(^j-o^VI pj^JJ ^ i^i ill ^3->»-l ijr^' 1:1 ^ ^"'^ * 
J-aLjj_l (ji^- J<j i uJ V LLI j i" t ,il JixJ i jJI . . (I) JJLC (j£. JUj-J (jl t^cJ 

^Liill (_)-«-><-! 2 , ..11 ^j^i 4j>-jj cjljdLi d K ui-ll ijjLai j-ipj ,£ ^1 J-^J-y o' 
3LcIj-a ^-o iCj^LoLtXI ^ui^. (j-Jiaj (jl ^-oLjj-AI (jSLs-i m^I i LiSL^-^ w I ti^t_u 

j uu II j» J-><-! (jr^' JJ^. I J^' a -^iW ^-J^r 1 n "ill 1-;-^*^ V «Lj 1 J-fliJ i Jls-Ij Ji-lS 

: ( _ ;r Lj Li^ <USLui^ll i a II i_djjjilll (jjSLjj 
(a_^ ^.iji 3_iuaJi Jif) (T T T a a a) = (jl ••S-JjVl 2JUJI 

= t 

j*'* — *.fiLuL^_Lll 5JL>J| 

(a^jJl a^Ji ^ J^) (T T T a a a)-^ 
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2 . 1 j 't l 2 ^2_iIjlxII 2 UVi -I 
((jli^Vl (j^-U ^ JbUj j-ij j»_^>J J^lj J^Vl (^k. JL>-lj j mi j a) -2 

N (C, ORIGIN) l,n (M, ORIGIN) > 1 

Sjljji^. 2JL>J < (I ^)-2_j|j_J| 2 talj <=== 2j| 2 Us". 

(T a) + 2 . 1 j ;t l 2U^\ <=== 2_il_gjJ! 2 U S 
/' '^Bundy i^JLi^j ^ J£ll lo^J JaISLI! ^1 £>»->ll o^-«£9 

(_^-taL>. (J->*JI (jf tf^Lct LaLlUdjX. ^jy^II 2J| , n U ^J^. sUajjJa c_ uju Laj 
H_£j^>.i (J^l i ii a (_)-><J <Lo ! JLitjjj/ ! iCjIjJLl 2J| uiX\ i>J-^-I I J^>- 

I ^JjLkj (jl JeanLouiv Lauriere Jia (jj^i-I (j-Cb- Lu CjljLpcV! ^jut CjjI jisj 
^L*JI J}L>J!) j^jljJ , ( ' 2) ALICE JiLa ja^ajOi! 2_JL,La ji^l ^jJa 
j_Juj 'Oj " J 1 "J (Ji>rH lS 1 - 1 -" General Problem Solver (GPS) (J-jI molt 
. JL>J,I I jut ^aLjjj Jjiial ^ '^Newell, Simon and Shaw 

The GPS Program pUt LAI JU» g*Lljrf-3 

j-yjj 0>LaL«_a JjO^J Ljaj! l_^*J Lj£-Jj Lai. I J*. £-a! jj ^ JL>JI 
(j^/ 1 4-j a j i c i"i Cj^LaLnl! JLitU (jl (jSLa-i-^L«JI £j_a|jj_iJ! iy^'O^ 

t_dJlL?Ej ^JjL_u_a ijr i^ I J aj_tlaj (2>^-3-> (jr^J t<— 3JUjJ1 JjJLso cLl_u_u^J1 4_jjt^_La 

(^Jl-tjjJj ^ <Llf J-SJj-^J-La ,j_a t_jL*jJ! 2K Mia Ja. JLjj! I jLs 

((Jj—iJi!)) 2JL>. (j^iitj (jl (j^Laj (JjsLjla ti^ejl ( _ ;r i-iL3 itfjjj^I 

4_Li_Loj i^Jsj-tl i_3^JL>.l .«3jjjji 2JL>.j 
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^jJ 10? IjSL&j i4jJUJU>JI liK mil <lLi£: ji jLLII (j^a Lxjlj 
jVI (jlc (j^JUJ tS jJI J i(<bjJjJ>JI i f K i, ill ji) jLLall ^1 Jj-ua^JI » 

j-alj-JL! 3j_ua-U "LaL^JI CiI tj i ii II (_JJL>.I (jjsj • I jSLaj . . 4 iLiitsel] i La La a. I (jl 
3_u|_gJjl j SLJjVl 5JLJI (jrU 3j-iJI Jjl?"it j jrU ^ jJI J^sUIl jl '^LaLjtJI 
jf SjjLLaJI Jlo iCjSjJI dilj ^ ^jJaXI I fl^ji,! ^ (jqjJagl! >LiLa (jjSLj V 
j_jJb (j! JjLaj 4jLs iJjsLkII Ijufc GPS (j! (j -3 *^^3 ijLLaill 

^ylJI <_sl JLA VI £j jj| Lo-j3 (_^ajeJjj . J^Ull I j^J I j i ulXa ^jloj! • aSjJLl 

: I j« a J-oLkjJI GPS ^jl^" i "j 

i JjJUjj i_j J i tj\j 3jl>ill Jjlii" -2 
I La (J-aL*_a Jj j j LaJ -3 

^j^a 1 a-Lgjfcjg Lc jj j-^- *J-3*I o' ^ ~ q J 0 c GPS ^mi j-^l ^T^". , 
gjjJa-uJ I Jila 4-i^>L>. CjVL*-aj J) I i n aj jlJLlVI liil j Lx-> iJjLvull 

^al j_JI jj-a lj_ii^J2! j^i-Vl JUJ.I ^ tfcljl (j! ^1 -LSj-aj- 11 J^L£Ulj 

(jl IjuI ju^Sj (jSJj , (I5) SAINT (I4) MAC SYMA-JiLa 4 i^i^^ l 

^j_a d 1 in 1 in)) ^_aLjj-jJI ^_oJj_a j-^j) I 0 £ i**<f 1 C-t^fcJiJ a I JjiiC GPS (jj-^-S 
J-jl i .1 U Jj>. 3-j-LqX SjLjiaiaJ J ■ V»'at p j'a pjjjij ^1 <_3Jlgj eH-" <— 1 1^ > J-J t 
.« LgJ Jala. (^Jl Jj^sjlII ^ 4-ajir"i,iU SjJVI J 

The ALICE Program g*Jt JJ«lil^-4 

Jean-Louis-j_LJj^I (j^*- ^ ta i uljj Jl£.l ^jdl-^ .nil j-aLijj g-J^a-i ■ "_' 

4jjjSUI 2 j^U M tj Sji^iLjjJI JjLjiII (J^cj (jl-jj-ujjLi 3_taL>. ^ ^' 2 ^Lauriere 

3jtL 

(j^SLHj (jy-i-ll j-t-aLutJI i> JLA l_3jjuj iLET «^J))) <l oKl Lj9 j i i ii a 4L_£1JjjLlII - I 

. L^cl^ji j>ju*jj 2K Mill L^la 
(j! cA" f 1 ^' -iJ- 3 ^ 3 'FFND « ju>.jl» 3_«JSL, Hjjiiio tL-sji^JI -2 
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u^lj-iill.! &u oH5L«J! jj-^jj iWITH <(j_o» 3 <iKj Lacuna i jjj-oII -3 

Jj-Sj L-^-a Jl^t- **( in 1 V S^-inJ I ^1 JL^-**( 1 11 Li cLjjL^o ((jj-ujJi)) 

(J_J_3 «j i.^^tl \j j ^ T 1 ^1 JL^-**i ( ill (Jj_a cLt-aL>. j-uLatl jJLxla (J_) tgjj I nfl CloLj 

. jj^^/l rftj^JI >LSjjLi 

«L>. «LlusLjjJ1 j-jJL^JI (JjI i n a (J^. (^ji^. 4jj JLaj «(j_u_jj| » j-uiluj 

GERALD 
+ DONALD 
= ROBERT 

i3j_i*J! Uiij GERALDONBTiij^JI {y> Jl^ l'^ 

G DR 3_JjVl ^LajVlj ij^p^ ^jJ.lj 1 M",-^ L^Kj t9000 2,1, 

d w ,i ■ 1 " t 1 j 1^ 

5ui*c. ^ jji-a-JI (^JJ jl 1 .ntl (j^s 3Jb-j_U ^LejVl jjjt a,b,c,d,e ciuL^ lilj 
j^jJlII (JSLiijj (^yllllj 4_jJLl1I cjLs^LjlII jljJ^Hj ^ ^JL «(j_ujJt » ^_oLjj-i (jLs 4£_aj>J1 

2D = T+ lOe (I) 
e + 2L = R + lOd (2) 
d + 2A = E + 10c (3) 
C + R N = B + 10b (4) 
b + E + O = O + 10a (5) 
a + G + D = R (6) 

'.^-alijjJI L$jJJ Jj^sjIu (jyjJI ( J7 lj*^\ C)L>.l"ii"i i i.VI jjjSijJ 
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JjLu-oJI gi jJuiJI i_jaJ gol jj 



(a=o&b=o&E=0)Lai 



(5) 



ila^J^j <(a=l&b=l&E=9) jt 
Slajj! iR=e(modulo 2) 



(2) 



(3) ak^l^j ^DCmodulo 2) 

(jl ^ * o ' eaj rt ) E=0 ^-Aj (jj-ujj>*j jLlo*Li djj-ujJt)) ^JLj 

•.(_jjja! JK ui? ^1 3jl ir^Vl jijjfitl (_di3 jjju c^p. i(j ii <^ b, a i( jj9 

d + 2A = 10c (3') 
C+R+N=B (4') 
G+D= R (6') 

d (jla (J^-j-o L^j^ 'j-^ 1 - 1 ^Lj^-jyj oj£j jl d j! (3<_j^>) <^c j-j-yj 

CjI J J ( iiL) <J->*J1 JL>.^-)J icLSjj-LaJI 0Jl£j 4_lLjjlI1 % <a"i i n"j j^'^ — 
SjjcjIJ! (_£J>Jj_j .6-14 (JSLlu ( _ ;r 3 ^-Us^a jjfc Li£ ilLj JLi£. I."' < ii Cj! j 

I Jl^Jj ^jjs-V! oVjUl! ^ i nj Lojii^. Jj3f~ i ii a J-^sj (jJJ R=6j R=4 

•. (J JLHl£' ^JLuiXI J*, ^j .^j j R=7 VI V 

GERALDONBT 
1974 8 52630 




R-4- 



R-6« 



R-7 solution 



R-6« 



Gerald + Donald - Robert i^a S 6-14 JS^i 
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^jjJsjjs jjtj iSj-uiJ! 2 ^ tajVI 3-ajj-" . nUj inference engines nVI 
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^^.a I j ^ j j taj JiJt£. i4ji£j 3-aLc (jj^-J (jl 
(jru iLa^lUl iLjjLOj! 

Jjl jj! ijj djl m* i .ill Jj| jl w . 4-LajjiJiJI j 4-JUrill 
3j taj ^LilaV! Edward Feigenbaum ^jLlijc-ia 
SjLc C^jl^ ( _ ; ^illj . 4-ujjlxIUIj i nVl JVjGj-uVI 

' t-LIa-Ii-J w **' }| <J-jI i-u_U ^ J se "i i nj La 

^ q y_a I Jl_j^>. 1 j-_Lj_u_d3 j ... A" (Jij LlId I jJLS 1 

^LlJJjl (^1 0 Ull llljl I nil (j-a £j_JI Ijuk dljjS-l 
Lo^ Lt t, 1 »1 olr ^ ^ciJ^" mi a ^JL? mi a ^jLcJ 

p j ' j 1 jj-* L)^ ^-i^Lt_a ^jjs «il^-^>.j i«Lo*L 

j«JLcj ^LuijSLII Joshua Lederberg ^jjjjJljJ IjjS/^ 
' aLjiaJ *j j CjLjLu j-u_oj2j j-lo*I JL9j . 3islj^Jl 
3_Ll£LII i al j U ^ ^Jj tdjj^lJI Jb=-a Qi^J 3l'<tl 
Ljjj^jj 43jjla L-ljlLI I SjLU (j_a Sjji ir-i 4JLi£. <_3jl2j 

Lxjs iS-JLc S^LLs cj! j cjLjjijjSLII 2 La • ^LijSLII 
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j^pajjuj . *Ijj>.^u 0jJt (j_a <<t^M CjLjjj^JI 4_j_u ijr ll J-t-a <pJI J^SL^-l^ 

2L>JUI ^jJ! (3) DENDRAL JljJ-y-> £-aL> >iii yL-JI J.-^tl ^ 

. 5JT mil tfj-a 

■ U A-»"tl ( j_ a J-*-Sj ^j^Llla-i -"^l « jJI »l n If j-taj S JUJLC CjI jjj-ujj 

SjljLJI 3_aUJI j-aLiI! i^-sLlI i\ i<iq i>L->ol ^.a jj . ,n MjjJI J-ajiJI lj-& 

JlX.L<j/ La (jLcj_<j/ (jSLIj . dll j i>iLjjJI »l nlr (_JJl! 2 I ■ A 1 I j ojSjJI liJJj 

SiSLutj (_LjiLcj 3K Mia ijr^S 1 •^•^ o-° 5j- u tH>!' 3 K h\\ 3jl5J ^Ir J-ajJ! ! jut 

J^l ui a JULJ «J 6ti tl Jal i ,i ; (^JLc 3ajj laJ I J£l .Ml iS^jj^I 
C • -r j LjjSLlj iCj^LaLni! J i >i JJLC JLy" i iiLl Ljl>. (j^-a-l ««LLaJ» 

. « 4_jJLjJL>J 1 » 3l_j_>J1 ^J^l ni a 
d Ah*w t, 1 ^ pUtl t.S-r J| CjVljJt_a cLuiAjlII '"'^JJ la ill Ja ' "J J^j) 1 (J-* -4 ^ 

<LiLj£ thomas Kuhn (jj^ <jjLa^j ^ a ■ oj mJJ-11 i_JaL«l]l ^Ir Jlila j^i- 

(4) 

■ j-La-j j j'a . the stmcture of Scientific Revolution«3 j n I < II CjIjjIII 3_<_Li» 



. «3jjjj CjIjU^d £-a «3_j.jLu£.l » L^jjS c-JsLjuj 3jjjj 4-lUx. 0jLp£.Li j» j^LlII j^taj 
JjLvaJ.1 J^s. JL-sJ.1 »l nlr (j^-J ^Loj?-! 4xui I jj'a (jjSLj 3jjLp£.VI (Ja.ljJ.1 w ^' a 
. L^jJJ (Jj^sjjJI -ilj-tl olj J ■ haIJIj J^isJI £-j ^jlj 1 1 j" uiljj S- 4 ^ C^' ^ 0 4 ^ 

( _ ;r l)l-^jj-a-L!l jl 3jjJil)l aJJt (J^L>- (j-a-J^Lvoi I ^j^*.' J giaJ lOi^jJI J_J>^ 
«L>.jj>. «lIa^J (^Lj (jSLIj ij-aVI i^^Li LjLtLso (<Cuj . ^L>. i_J LajJ 

^jj-o-LlI jl SjjLvaJI 3jjJaJjl (j^, (jijlsljjl jj^. (j^^-LJI JJLc L*Jl»j Jaljjj 
JUJL>Jl ^J^_a_Lll j-^^Jt^ ,3j_lJL>. 2jj 't ,, , ,,^1 4jr 3 ^jj^JLuj i^JL^JI 

j i a JtSj i3_aj| ... tl 3 jj taJLlI (JJa lJ £ 3_iL>J,l julL 3 U i .i^LI J ■ Vi'at I q j'a 
Jij^*_a 3 J_j J_>JI 3_jjJil!l ' "jlj • (_Lt3 mJ i (2>c (J^l J-*l jJaJI J J i 

ti^txll 3jljjl>. 3jjLu£.I 3JL>.jJ. (jjLvu^I (jjS^J LjJSLlj iL^LSjLvoJ jljdal 

M^J-jJ-aj 4_a_ijL^JI 3 jj k * 1 1 jL-ajt ^lj-1 jJU-ajs ^gJaJl * ^j^SLjj rt LaJI 

.SjLJJLjsJI SjjJoJJI 
v2jVU=ji ^ JVjGjj/VI iZjLjLs^: vZjLJT ^ (i^tJI [j] *LiLlII tiJjJl La JLi^j 
djljjl *I_LlJ j_L«_«JI (jJI (jjiLaiaj l^£.jLvu .pjt^^ j»JL5j (^jJI mJJI JL3 £ >-'J-«- a 
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SjjjiUI 6uo£iUI uoiLm? 



jLpcl (jSL<u jJj i4iJQie_o CjVLa^s ^ 4£jjtX\ JjiLtiJ general tools <LaLc 
I^jdl DENDRAL, Jia £-aljj_i «Lb ,j-a jjja-LII *Ul*j (j^J- 5 Jj' O^J 



(jljLdl JUJL>0 -I 

j_iai>J! ^j-Sjj • JL><II »1j jA. Jls-I £-o cjLuiL>. 3jlc i ^ in cremental, 

j_ 3 _j_JI (^jVI 3j_U Lajj L^_l^ i4_«_tiia J-i^- £ *-2j>l^J I £ * J> 'J-" (*^-^ 
Lt 3 JjJLc d)Ltj>.lj^a * !jj>.Li jjj-^-lt ^1 tj i nil . dJJ JU ^LjJill 4_La c_JLLaj 

- I La c ">J^^ 3.' 1 " ^° (j^l <>.ij*JI ( _ ;r 3 Lx-> 1 j-aLij^Jt ^ 1 1 1 aJ (jl JJjJ 

(^JJj .3j_jJlj>. CjLa^_L«_a ^JsLualj i4_Ll»_o JaLail 4J^Jjs_o . " *\j < ■ 

jojJ . I flii-ixlalu ^ _jJL (_g jJ! j-aLjj_jJI (j£. ifljjiil (_Lu-«-i J ' -*■'** (^-11 *L>-L>JI 
'"'J^*"* ^ w"'^ ^LajUt,! ^Aju\1 i'LjJLj 4i>.j_a ( _ ;r 3 (jjjL>.T « Ij^iej 4jl »" 1 11VI 

^Jj , -—ATI L&I iii ir-ij (j^JI Jt!-^ 1 -^' (JlSuil Ji£.Luijj . I j~ 1 "tj 'j L^j^Ij^ 1 njt 
Vij i4_cJL«JLl 4^jjtJ.I JSLiu jLitU (jl (_gjjj_Uill (j^sj i^palj^^/l OJLA p j'a I 3 -9 
1 J j < j II Jjn'iiiU (jJJ LjjJaj lilj .4j*jsj_l!I oLii) ^JLlLSjJI c-jjli.iVl jjjj 
(jjj ^olj^JI tfJUk ^^-Hh 1 (* <3 1 " ^ QJj^ uij.1I ^J-flJ (jl J-^JJ-i (j' I ' ' > <J 

■ CjLojUU iLa-Lc 5 JUL I 1 11 a 
4_o-k3 i>t I cL>.j"?U 4jiSLi^JI 'Ltiill I- I 5 J *\ i"i ( _ ;r 3 jll pujjJI JIxjj 
(j im . j-j_l_>JI a Hail I jl ^Ijj>.l (j^o ^Jl?-**( 1 11 U (jSL^-l (jj-^J 'Sj jj ->J I 
J*C Mill ^il ^Jl ^ cUSLIj i^UsjII J*s Mill IjUk ^> jir" 1 n't (j! Ljj^j_Us 
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SjjjLi iJi;Su s_-i— ^ ^ jS^ 1 1-15 jso. 

«L9j-*_U _}t^_« (2)^-*' • ^L^J^-* J-^- ^ ), LiiSaJl sLre-oj-jJ! JjJ-k 3 (J - *"*- 1 

d i i ill— La 4_jSLu_o^l^ ^jj>.t (3->k ^-JL- :> *-^ ijr 3 tj^J ' d o ^ * rt ' a 1 ^^-^ 

' " i ■ V. " a I ! jl- jLjjLj^. (j^Lo-i i l_Lxlsj_a (j^sLiJ! 4JLjc-a ojlji L#-l3 j j"hj 

j i ir-il Sj^>.| J-oLij-il! Jjii-M JLC. sLi^sLi. 4-a Jiir" i n U Sj^ljJ! (J-llSllj 

. I g-ilc j^Ia (jr^^ L ^"^ U-° 
J^i <" 1.1^1 ~A-Axt£. ^-CULflJ -2 
AjLj-" i .1 U ? I La c | I r I j "j J a 3j_ujJI 2 ^ tViM t 3_al_gJ! ol m ntl (j_o 



Lg-a Jj>" i nl 4^j-*_U ±\ jja ^y&jju CjU!jj>.^M ^a-dJ 

jl 4_3jj<_U ^ I C j_ol_jj_jJI (_gjJLa_jJ .«Lat£L>.V Jj^sjjJ! ( _ ;r 3 j_iaiJ! ^LtiiJI 

LlL^ia (jjSLj JL3^ , d Aj. ,%i 4l>.j Ij i4jJLc (jiajj-ll SjIjjs. cL>*j^ Out^ I )) 
joJ . ! (jr^ 5 * J " 4jJLi d 0 1 11 tl oJLAj . 4j*_lLLI! ^1 (Jj-^ 3 
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al_jj-i_ll Julj jQ-Jj . ^_al_jj-iJI ijr 5-«CLaj ^JlC jt-«Q2j p_l^Jij (j^l^. ^JL^-**1 I 11U 
. 4j^L«JI j-alj_JI (. 1 1 f ! JJLjj Li£ 1 Ljj^cjj/ Jjjj/I LjgjJ i ir-i 

:j»JL>JLuJ,1 -3 

.Sj_iaiJ! <LaJajVI >Lb J_t£. 4-<laX. CjIjI wf I SjLC 3Lclj_a JjV 
ijr 5 Sj^ajlta «L?e_Li-£U < tlLaJ ^ jJI j-i_l>J1 J-J^- 5Jlc1 i nt p 0 ' QJ c_t^e_l Vjt 

1 £-ijjj_U ^ jd! ■ La » • *-» ( _ ;r lSL!! (_p3lj_a I ( _ ;r a j j xa. * -» j ■ a I] ^Lbej (_g jJI j»L«JI 

,jl »-_cJ?c_j 1 *Qy^ t^-^l ^-Jj^l (j - * JW-*' ^ L$^' L - ^1>^' 

d A 1" a Cj Lc j_<j_>JL £. l_t_J 1 JuolJ ! (j-* j-;U->J 1 Ljj-j-I 1 Jlj^IL-uj (j I (2)^-4-1 J i 43 1 !i 

O J* ' "J SjTh^' VI (j-aji r"! 1 na ,j_a jjlii ^jj ii]|_La>j 

«La_La_iVI JL>.| jj_a L-^_j-Lc (J j 1 ga >i 1 1 ^^SLa-ij ' w Lta^taJeJ ^jla^a (J ^2 4uul£A 

^Jj^aAJI ijr 5 t ljL>J1 IJL4J t _^jju-4- L a- jLC j 1 CjljjJi]! ^j^* * L^J ^^^11 Sj-uj-JI 

3j-l^>JI 4^jaJ^L! j^^a-i ^J-^* |j t-t. 1 1 nL>J1 d La 1 ul ^- lLG JI j 
I & J 2 a ' ( _ ;r lJ!j lal La-«JI LagjJUj »lj jVlt Sjbj^II CjljjiJI Jiiao (jl 
p gj| ala. ^1 SjjLJI p^jlj^i. tjjJ JLcL2jj Lajii^, SjLc 

t 3 j 1 nLm? 3 K mi a ^-It 3j_i_LiJI 3_aJajV! ^ 5L3jjI! Jjlaj 3 K ui a (jl 
i3jU>.lj j i<i (j^-«-a (JLa_aj 4_2_L«JiU ifljjiil J-i^aj (j^aj Ij-jLi^ 
(jjl <_J j i , La ^ j 1 ljl» Jfla 3_ujjjtlllj 3jjj 1 ,tl 3ijjtl.l jljjs ijJLt^a 

jl I . Viji iiJI_LfliJ i« ^ (j^ - *^ V ^-i^^W J ^-J^J JjjHjJ.1 (jjs 

Laf 1^ pu t_j J 1 ,il 1 n~ill QaSj oil i4aoLla ! Oul^ I jl » Jla 3_ulj^>.yi S^jjII 
^_oJlII I j_fl> ^ n 1 uJj .« I jSLfls t_! pu ^ J 1 ul 1 .."ill QaSLi^ 3js^i«ji I dul^l jl 

jj* 3ijj(J,l jIjjs (j^s liJliUI pjvjiJIj Khowledge meta 3ijji,l *ljj LaD^lUI 
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SjLcj .0 j^jo (ji^. ! JiLa factual Khowl edge 2 j^l <LaJI 4ijjtl.l 

j^c! j_2J! ^ La i ul j-j 3_3jj<_U j_o (j-o (j-djVI (j 1 -^ J^*-^' dj^i ^° 

jl^o (J_lILc-i (jl mi i p j ' j ■ Lij^ 1>tH^ ^J*^-^-^ ' ^""".u .j-iLiHJ! Ijla 2-15 

. oJliJI 43j_«_a jo^Lajl jj>.j_j L«_Lu (j-dj^l (j^c j-JI 43j-«-a 




(jLtill jlcIj^j howledge base iajjil,! JlcIjjS (^---uL-u^! <j-*^i9 
3 j i .i j-jJIj 3-i-4-jj xll 4^jjJ,I _>lj_a j -i • a2 isjjiil SjicLa (jl ^ database 
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6j mt>II 6^oJfuUI uojLa? 





t_!jL*jJ! I u <i If JL3j .(^j^J joi^. 4la jii^l (2>3 jjt 3j_uJ»JI ^ i la I V I «l_b (jl 
^3 ,r ~"3 ^Lsr 'Xlj ^J-i t4-La-L-ui-J jJ—lj (jj-^-Il t-U (j-o J^>*^ jj-* 

LuS-I 

i a_Laj3 (ji (j^-<j-i (_pJ! (JjI i ii U jut i aglLaTb Buchanan and Duda '^Ijijjj 



i ^aljt 1 -3 

jl 4_oLjj_^SL!!) j_j!jjJI JlLa joJaJj! a « J ( _ ;r i jj-i^a-Sjl <_sl_Juj£l -5 

.iTiLajVl 4j>JUjj -6 
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Cj^Labd! (j_o 'j-^^ ' JJlC (j i i ajj L$j| (_til i ii U tfJUk ( _ ;r 3 4^j" miU 4-iLc^aJlj 
i4-LL2_o CjIjj i ii n~ ^1 L$a-i3 J TTien i4ii-l jGllj 

(j-$£j . ^JL? mi o U ^ 1 io^M ^j^_$_Ljl i ,i->Oj JLiiiJ (jj^J^-T *lj-i^t_i 4j1 ***i i nVI 
(jlslj-a^U 4-j£.jj-ujJkl 4l3jj(-a ( _ ;r 3-^ilLo <_tlaJ I JLx-a (j-^'tjlj mi ill j_uj*JI 3 _jj3 
J-JJ U * (j-Lc =GjJL3 <j_o J_l (l_j-lSL!l (j_a I j I r Jj ii^i -»JI <j-£-4J ( _ ;r lJlj) 
fiLcj-j_u_j (J-ia^ **i 1 1 L^-a JL^-**i i n 1 (jy^-J! " d * * ' a 1 1 (J_o*» 3^j-*_aj CjLiJt_uljILi_oVI 
lj_}Lj fidj^la ^J-^ jL-* 4 ^ (jr^ "cJri-*^^ 0J-A»J i all uull ijr l! 4_aiuj 

-3j.>L«JI j-lC. djVUJI ,_)£_! j»UVI Mjj-uaill 3_L«jtVl (j-aj .i_0£JI JL»-j3 La 
^y^l ' a a* 2! j-_j_l>JI '"1 .j-u->JI (JjLoj ijr lII-3jJ^>. (j^J L-« LJLc ijy jJlj 

(jl (jjJI 3 Hi iiVI <Li£. j^j joi^. t;r Lc 4jV j_JuLa 3 K uA,\ i_J (jJI 3_2jjJa 

L$j iJ? j>.^j Lx-ijj 44_u_uLl9 4_i_uL« Sjj^j-tiiJLi d l*i 1 ii^/l (j^3 i^j-Laj 

. I j".k^M *^^l^"i - .. 1 ijr IiJI ( _palj-cVI 

. 3j_uj*JI 4-»Ia iVI ( _ ;r 3 3-aJLa-"i mil Sijjtll j~i i u a Lut ^jJajj 

j-oljj-JI (j n 1 alj ^^l;U.^VI dKjJI ^i«J 3jjtljJI 3JL>JI ^ ^11 (j^ 

Ij-jii^ (j o < o j\ i n djulr ^ n i nl ^JLc J_uj_uj ^jy^II Cj La^ LtX I m^j-u 
^—oLjj-j ^l_!La 1^**' uu3 .cL_j_a^_jJI 3l_j_>JI (^_jl_^>. 4_l^_iJ_lII CjLojWU 
iS-u i (jiajj-ll 3JL>. JlLa CjIj_<I/Jjs jLjI1£.VI ( _ ;r 3 ji-l-J (jl (^yjIaJI ^J"" "~ll 
^_aLjj-iII (J o"i mi 1 (jl ^jjj LgaJI (j_a (j-ojJ (j5*-Jj « «L_i_J ^tSUI CjLlJ)^ mi n 11 cl-Lua 
^1^, ^j^^tl ^j-o m£^?c_i» i((i »1 . ^r- M t SjLUs ^jj all)) (JlLa CjIjLi^, (jjl^. 

^1 jua-" i ..I 4_cSLx-i V j-olj-JI ,j^ ^LsJI (JjjJLs .((jjs-T (j^s (j^jil^ 

^—alj-jJI (j^o «Lj3^l_iII (JLo^^/l ^1-^**' i (jl (J-oLjj tCjLaj U tl (j_a £^-^11 I J-A 
.3j_iai»JI L^alajU 3^jjtil 41^. La ( _ ;r 3 CjLajUU oJUt JlLa » j" i .il 
( _ ;r Lc-3 ; j| JlxII J-La-CjLajUU joJLc (jjSLj (jl t^-^eJ .(^J^/l 4i>- mi itl tl_Ll -^ 
L7 ^>- tiJ-Iij iSj_ijJI JLa_a ^ S^aJij-'i mU i "'I x 1 1^ i a I Ij v2j I J^ai Li 3jIjJ 
. 4-ila 1 1ll CjVL>JI (_)->J jJL>J,I j j j->. LgJ-i eaJ (^ylll Jjt- i h~ (j-a (jS-CJJ 

cjI jiaa-j iJLajiil 4_uj/Lj/^/I cjlj_<i/JJil (j^. cjLqjUU ^«JLc I jut w ^° *_' j 

JjLLLl JL^J.1 3_aJLir"iMiU 3_JjVl cIjLoejjI j^/Vlj ^3-IkiUj JJ^iiJI 
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6j mt>II 6^oJfuUI uojLa? 



w I c 4-XxIa II Sjl ulj i nVI (jl ^iua (jSLa-ii iCjLiLj-lJI £-«^>- 4j j&Ij (_g jJ! 

•.^LUI^^JI 

.j^jiajj-U (2>c *L»-<-uL(_ut CjLiLjj - 

IjU^. sl.il ^jV! 4ir mill (jiso Lo (jLcj_<j/ .^j^l 4ja- mill jjaXaj 
( _ ;r 3 JJ'^ a I i ajf j j laj (jSLI i L&jLu Ljalc (jj»j-uLj (_^jJI sLlLm-LJI CjVL>J! 
( _ ;r lJI 4_uLJL>JI 3Lij»J! (J^l mi a sLvljj LaJ_t£. i n U (_)-><-! gjoLijjJI cllljJuS 
^jjlj—UaJ! i ■ a » I i Aj ' ^ j La o * I 1 CjVL>J! Ij-jj^ ' aJltscJ La 3_iLc 

4^jr i ii l ^1 ^J^M 4i>- i ii ill (jjs jJLajj^LI j_aLjj_iJI ( _ ;r 3 4_aLt CjIj-uJu slj^>-l 

.j_LiiJI i_d_al<-u t-jjJsl OJ^J 'Lj-'Li 
^j_u^a3 ijr II l_3Jl^j m£JJL>> 4_*_oljJ _}jL?e_a^ ijr Ij^l i n ill jl i"r I (jSLajj 
JLre-a tLu.aj.aJtliJ I 4^jjtil (j-a Ij-fJ^ Jlscj i uJ j-aLjj_i SjLj^ sLuL^al 

CjLuI (j^U-i iJ-«-«U prototype ^liaja-LlI jl Jl£.l J-*JJ . La i_SJL& (jjjJbtl! .iJL*-a 
^L>ui Jljl-i-^^LSJI ' _i Ua j 1 1 QaSLjj iJjLcoII (jjs JJLc (ji^. 4oj^cILi «L>.L>o 
(^j-lju « Laj lis)) ^_al_jj-jJI Jjt^-j .« LiJjdj « Ljjlj-lLsi) 4-al JLa-**i < u\ i Jjt^.-5_)j^?tIlJI 
(JiLa i .iLinJil (^LcuJ^I jl ^til ^LiLa-a ^aLlj^Ilj ^Jij-"i i ii U (j-U jl jr»JI (_Jju>- 
4^^Lc cpl*i i nV (1)^-1 tjlj 4fiLuj-aj d 2 ' ■■**' a «LSjj-La_) «Q1jj_o1 ^-aLij-ill «L>.^aJ ^jl 
4 i n T mi ill j-j_l>JI «L>. j_l La Ij-jil^ (jl J^iJ-j (jl LlA JLiAXI * ^i- 4 ^ 3 J-^L- 1 

3-LLi hVI i>j_a JJLa J< mi" (jSLIj ni^tJI jjS 5JT i ..I Li L^J ><iLiji 4^>Lc V 

' '^J ' a **" tj' ^-*^\>^ L^^J tpLaj Wtl jJ^LuJ ^Jl * ^"Vlj jl^>JI (j- 0 ^O"-?* 
«i_^La. rc! 
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. L>. J-^sj J-^' '*U (Jjtj^-I 4-taLiJal 4 U i iii J I £J-"< 4-SLual 4-ul£Lal £-0 
' \) " '"" 1 J' lj^>« 5j ' aagje rt (JL9^ «L?e_ualj ^-aLij-jJI 4_iL>.l (J^-J (jl 
d ?U"U 4JLj3JlJ! 4-ii2jJI Jj i^-iLtxill 3Lclj_a ^JLa-" i nU (j-a j-oLij-jJI L-J tajj Vlj 

Ij-lajv ^JLa-**i i nil (J3^-) (Ji ^-*^\>^ ' 1 1 Laj * Vij 4^_uLit1 «L>.^Jj ^LLLa 

4_i_Lj_lJI cj!jlj>.jJLi jJL«j q\ (jSLx-i (JjI i 'I U i>j-A (Ji*3 .^Vl <_ 1 < .iL>JI 

. interface modules 
w I c I i ii t olj j ... A" 8 1 La-C I w I c 'j- 5 ^ L>_9^} O' 

4_j^>.^lJ ^_j_ua^3 Ij-iLs L)^- 5 L)' S- t " t " J ^jLs t ( J^\_Ijl ^jj"! i n a 

ijj-S-J (jl c-tJt-J LljLjj i4_Ltij (jl (JjUcj La ^JLa-" i u n It (jl-JJ lj-#JJ JIJjjJI 

Li 

- I ta c i4jtj-t ir-i sLijjJaj J-oJiJ 4j| ^ JLy" i u U 42!l! j-aLjj_jJI i_ . i ( _ ;r 3 
j_alj_JI ^ * .' J a J ~ J .liiljJ «L>.L>JI CUC^ Ijl tfjJiiJ ^ JLy" i mi II <L»^5j_il!l 
w o o ' a I (2)^-4-1 ^-°^LH L ^ " 'I d.;*? - 1 n**it ^Jl^-**i i n <\\ \ 4_t-aj-ill 5 , i t, 1 
CjL>.ljHal CjI jLSjjVI iJJLA ^jIjjjj . (jj^-V ojsj ^ ' "L? ' J-^J-^' 

La^, J_a 4-aJL^-**i i tiXl J^cl ^JLJI (_^<a_*_J JuLi ^-oLjj-jJI ^1 JLa-**i < nl (JJJ-^ 3 cl^ ' tueaJ 
^Jjl i nil (JSLJ ^Jj**- i n"i \ j j i^w ^Ltu i La ^**'"^ I ^ji c-t^t-i 1j-o* Ij . 3jl_tia_a cUiLaLi 
^CJ . 4jI ^ i uaj ^L^lj-ij d Lq c ^1 L^aa>.j ijr 3 JLloj l_4-a i4_jJI dJL>.J c?^^ 

(_LjI i ii U jl j'^Li ^Ll2JI e-t^cJ ^aLij^JI 3jjJL>- (j^-jl^js iaLual JLi^. 4jI 

Jljj V (j_o jL^tiLI ^-UilIi (JjLcuJI ^Jsi j-itLi 4JI L^>JLc (jjJI SjjjjLill 

CjI j i m £y& 

l_£j-ll J-jI 1 .1 tl 1 'I ui II lr e-Jilll V'^^iJ ■ j^'^^tl jLa^l ^ 4j ^>Sj o' 
i^Lti J-o-hj 4j| (j 1 -^ J^LW prototye ^jj_«_iJ JJJ^" 1 .' i (j-c fs->>j 

j-LiiJI (j 11 n seXj i iij . 4 jl ir-i^fl cLal Juki LaL^-i ^Ltaj V 4jljL>«jl C^jI£ I jl (_^i>- 
cLt-£sL_>JI Oj j£ a3 (_)*=ajLJ t^j-i LoJ_t£. ^_aLjj-±JI ^5 uJll 

4JL=tjJI 3_u2lll 1 nil jLul («^II (j-o icJa^J! 0 ■■»'< .3JVI ^ JUJI 

I ij I la « q ,ij|'^ ij_uiJ| jJI . ..«L^ajjJI CjLtlj Jji i""itl ^ La u tl ^ I »* 1 1 
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6jj oil 6^oJfuUI uojLa? 

£_xj-i La SjLtb - Oj >^ gj 4JLjj_L> ^ aLa * ^ jj ua.fl c_ '-i-<- u-i j_u_->J 1 .iLZLil ^ J_c 

cL^aLijj (jl (j^-JJ (jl <— 3J-£J lS^J' tClLajUtl jaJLc j-Ii-l £ L^J-J (jA^Luj 

tljLl 4jl.il SjjLiLa JLoIoJ Lajlj (JiiJ i(_£j^>.^/! j-alj-JLl iQjjLifl-l j-aUj-J! 
I j i njl jJI ^_al_jj-jJ! ^j-aJL^-" i nt, jSLoj i^jJ>.| 4_o*Lj (j-aj • mm 1 1 j-u_>J1 
^ ^ i 4jV <Lal JLa-**i ( nl 5 ijjtx^aJ ^-aLij-jJI lj, LdgjJ jl CjLa^LtA ^!j-^>. 

Jl^Jj ^jJ! j_ai (jr-.jV uuJ MYCIN J-aLj j-i 3Jb. rft^aJI (^i^ 

LUt^JI c_jL^I ^ ^^jV.V.T (7) V.L. Yu ^L^j f\l j£\ 4_JLJ1 jUll 

(^jJ! j-*- uull Jj>"J)J LaJ-t^. lIU j (j-* J-^' 3^^^ tilLtA (2>^J pJ <Ul I 
(j-ajJj ?.1j-j_>J1 J/U ^LfljVl j-^J ^JjlJ <L*_u_i ^^Ljj-aII Ljj-aLIo cJt_L*_UaJ 1 

t_ i y \ Vji il j Mil 3j_»J dUjj L^_L« (J£LJ ^L*_lI1 <U-uu ^ljJtIL_u1j 

.4_Lij_aje_a Cj^L?tj_u L^J ^jy^-Ilj i^Lit^ OjlSj ^jy^JI Cj^1j_>J1 3l^L*_a ^ 1 qJC 
J Vzc-a ^ LLa_i ^5 I j j Lea se ^ 4j ^ (jr^J ^luCL) 3j-ua Lj-AI jj ^£L) JL3 1_L^^ 
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tJ cljk.oUI .ISiJI 



j-l^, {£j Ui ill JJJ -»J I (j^-l 1 J^SLAj . ^"*" ' aJl jl i ii tl ^-IJJ (1)-* (l)^-^- 1 

j-u_>J1 ^1 T>» *tl S^Lo^^j-u cLtiL^-ua^JJ 4jjLall * ii i Mil (j-*-^ * 1>tP"'J 

i.lllj.j'^lj jLi^j^I (JjLuj I j i a 2 * j j^JJ-II *J-^' JjII o' LSj uuJI j_uj*Jlj 

(_£j-*Iij ■ Laj ■ uj <J^L>. jj-a CjLa^U tl ^ > ^ r L^ (J-La^J ^j^-Aj t 1*11 ill j jjt-II «L>-L*Lt1 
I g-ilaju 4 _ =r ILl t Laj U U j^J^j JlS jjj i4-lSLji^ll Li£. j_c"a I A , ^ j I jjU » j V -lis 

(J~J l*il 1 J J J 3» SJlcI I u d ' (Aia p-J-T»0 «L>.jjJ (J^kJI «L>.L_u^ I ^ I H**M (jy^JI 

. 4$j" miU CjI i nl->JI (j-a JJlC ( _ ;r 3 CjLoalnJil joJLkJ <L>.Lla <Gj-l>.j 4i3jjLA (Jjt^c-J 
<L»-la-j! j_a!j_i *l— Li (j^L«Ji! (j-a 4jI Ji^-J 4jji3j ^ taj i iu CjVLs. ^j^*; (_y3j 
(j ui c £_<j/LjJI J na-flJI jJajl) Isjjjla (J^Ls- LgJ CjVL>.j dJilal (j-a Sj-iai. 
<Q2jj-Ia (j^. ill jjj -»J 1 J! J_*_u-(jLo*^l p la * rt w a ~ 'S JJL* ' ^ ^ (J-° tJL^-'J 

I ^ , , ."O j^^jJI i " ^ » * i a 1 1 (J_o.»j t Lg-a i uj (jUJI 4 t ij=_u!jjjj/VIj i(_Ls-«JI 
. L^J LSjJl^s (jLj^s.^/! p la « a ( _ ;r 3 ojSLj V .SjjjJ! (J^iLi- (j-o LirsjjjG 

jJL>J,! J^ii- (j-o Sij-«J,! Jill Vj! ("CLii '.(j\iL>.j_a (ji^- lill j jojj La SjLcj 
jJaj!) sGl JLa-*i i .il jljJl! J-oLlj_Jt ^1 Cj Laj U [ 1 pJLc ,j-a j<U idlLajUU pJLc 

.(4-15 jSLi 

a * 1 ' ajLse-J jl i«Lbj-_»_l! jl a * * (JLtkJL! ^ i*ti"r-i La S^Lcj 

Lljcjj Ji3 L^iLSijSLjj i ii U (Ja. j jS[ all! 4-tLaX I j « jjj (jj^J' jJajJ I 
( _ 3 jJIj i4iJaL>J! Ji£.!jJjJI (jiutJ JL>J,I j^ii- (j ta «j J£ La^ . Cj Laj U U pJLc 
-^J-j-SjJLlI ^-olj-jJ ajajtj I SjijLall tJ^aS^j < LlAj . JUu La_i£ se i aj (jl 

i n~ L^j^-data acquisition programs -CjLiLlJ I . .."^I j-oIj-j SjLc ^ q . .."j 
*J_JI J_i2 (j"-.. i JL>JI ^ S_3jjlII SjlcLs ^ -lU-^Vl t U r..< ^^ic 

1 «*i i ui j SjLiJI tfJL^J dujcajj-ul ^Ijjl jjiIj_i ij^. tiJLufcJ ig-aLjj-JI jl I 

.3j_uJ»J! 4-»Ia iVI ( _ ;r 3 
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SjjjiUI 6uo£iUI uoiLm? 




: jji-i jiJ LS SL_>\s' j^-j 4-15 jso. 



j^liu sLx-Uslj j ir-i JLy" ( uLi ifljjtil Jlcljjs 4jij>.lj_a ila-i-i iuJ 

(8) 

Jjj r » (ji^. ROSIE ^oLjj_i • £ >-'j-«- a £ ^ c - a j-J C *-*J (jSLjUi! *L>-L>J! 

:4_o»l"iriU Cil 1 K tl Oaj LLai. eaj ii-o~ ^Lll! JliLtLi ^jus^jz 



^Jj» i"m ^Ll^j 
PROMH aJL^uj 



(a I Us * t \ -c-j * «^Uis_i IjLA))) 



^**( f**l I II t 
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4JlULj (J-«-^>- JjJjjJ Lg-mAj (j-uljJill ( _ ;r L>.ljJI J-LLajJI ^1 Jlir" ( ill (jSL^jj 
SJlL. (PIUI J < I'i itl iLi/U EMYCIN fUaJ ^ SjlcLSJI ^La dUU 

<( <■ t-Ui-U » 

PREMISE: (SAND (SAME CNTXT AGE ADULT) 
(SAME CNTXT LEAVES- YELLOWING) 
(SAME CNTXT STEM-COLOR-ABNORMAL) 

ACTION: (CONLUDE CNTXT DIAGNOSTIC TALLY ((FU SAR IOSE 

400 

(VERTICILLIOSE 400)))) 
q\£ Ijl : LaLula qc j-lixj\1 4jJLlII (Jjs->JI J_J (jSLx-i SjLcLaJI aJJb (j-oj 
(JL^I CiS^ ^li '3'j_5^' O" 3 jL> a '■■al ijJLutj Lx-usLj CjLiJJI 

FUSAROISE (0.4) VERTICILLIOSE (0.4) 
DATA-cjLiLj-J! L-il in"<l j_i a-oLgJ! ^Li^aJI 

--■N " i-al A'< l ^-Lc Ujjjls ^ ACQUISI TION PROGRAMS 

SjlcLs j_al_jj_jJ! (jl ^ i u j_aLjjjJI ^1 Sjjjl>. SjlcLS iaLUs! juj-j 

Lai £-jj_<j/ jlj-3 jLiejl i-_4j*j lil! j i— al m'i^I J_t£.j iajjjJa SjHa J-Lo d^iL^a 

:Jlo 4S^Lill! J^\j2l\ ^Li^l Mlo EMYCIN 
•<J-" 0*l Sr" J ' OuKl jj I -3JlC:I1 

(j_o sL^>-j-a 4JLuuj tfJLAj i I i aj| l-3jLC.La ■ t— ui u 2-SjLcLja ' " i La ui ) LaiSLa 

Metaknowledge <Wj*ll J$ W 

43j < <i It (jlj i ii a ( _ ;r Aj i«<13jjlU (J^>- 43j-«Jll I) 5ijjiil >ljj Lxj lu^ajb 
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. 1jU>. 1 se i^tlj Lajl.} (j-^ ^jj"! i n U (^-i *(Jj^ l£J?~ <■« U ^_^JLc (_^-tJ-a 

( _ ;r 3 <_j-\JLoL*Jl (j-a jjj^ aI Jii>-"i i ill ^1 4ijJtll La (.Lj^-a-! 5-1 J « i^ dsjl Jd3j 

JL3J .(Jjjs-V! ^Ij-ll 3_ajlj-~i i nU (JAajJI Jjj-k (J" 1 "" (J^-? 1 ^ 

^jt ^t-Lcalb 1 J^£Laj . j^-I 3j3jjt»a I ^ i --i * La ^j^"- 3_3jjla f^ljij La 

. LjJL>. I CjLjj" i ii tl JJlX. (jlj ^ j i ii I aj (jiia jjk iSjjJLI La Aj^ria 

3j3jjt_aU » 3_]Li_4-l Lo ^_aLlj-l ijr 5 3j3jjtll ^IjJ Lo CjLjj" i n a (jr^-' tJL9^J 

^^a^ 3BLJ I ill (^>£La_l La Jut£. I -A 

. CjL>.I"i i"i i i.Vl 

.cjLtlll ^l^. 1 *m mi ^_aLij-il! V 2-a 

. IjjjiajVl (j^jitjiij JLcl Vjl JjL>. i«Llj/ Jj^iAI! I jl 3-a 

j-aLlj-J! r [a aj sej La jjL) 4j^/ i I -a £_oj (j-a 3ijj(_a ( _ ;r L^. 4 IjH j-aljj (_£ajj>o 

AjLir". i n" >La 2-a £jj ,j_a 3_3jjl1! Lai .^Llll<jV! jl 3jLC:L2J! jtJjLu 
aI JLa-" i nl 3jLc (jj 1 1 a flj j-alj-J! w i 1 i a a q"^ i j-alj-JI 

V Jj 4_Lala 3-<uLa £-alj jj l^l^-^j *LuiVl 5uSL9 (jl UfT .3 nlmtl 

-a (JlLa 3jL£,L9 ^ j La II '"'"'^ ^ L^t_aLlj-l j 1 {j\ £)^-a-l lj-o*lj . 4_t^j_La 

cQjLt^l ^Lalo*! i ill I^a ij^piAJj-l ( __)ia : Jj»U (jL^ » 3 JlcLs ^"i i n a ( j-oAj 3 
J « a3 La^ i<Lk-lU1I w La «J V L$j| ( _ ;r 3 i_aJjitj dJJi £-a sUSJj i« !jjaiij^/Li 
. iXc\ ^jJI {ja-uaj cU ^IIj LljjjJj 4-Lal i n m ^^IlSj L^-tSLIj ' d ^ ' ^J"*" '"'**' ^ ^jJI 
. 1 ^ . .. A i el j . ^^-^ .".**.tl j^l ^SJl ( j-a ^ J j o c ^^"i i n a i _ ;J JLc. UL5^ ^^-^J 

SJj^Jj ( _ ;r i (JLaJ,! j j j Lg-i-La (_;PJI -SLLkJ,! (j-aj 

heuristic 3 j .'J>?^ 3ijjjsj Factual knowledge, j SI 5 aJI 3^jj>ji . CjLj^" i a 
(j-a-^LlJI JLiil ^-Us^jj .metaknowledge S^jjlII Laj Knowledge, 
.3^1li»J.I 3i jjil! CjLjj" i h a . Lo*^aJa-o* 

.Caboniferous precedes pemian : $dliaftJt <iw 

(j_ai igraptooliths 1 r ^g^L^o 3_3_La_La CjJl>.j I jl .3_uj^tlll 3ijj>II 

.Ordovician j\ Silurian Qaij q\ JjujJ.! 
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c_4_ljj-ILi (j 1 »*Vi ijr 5 JlLiIu ct_j£^L_u 3jL£,L^ <4ii]LilJ1 Lot I d b se rt 

«Lt-aL>. iSj-lJLC cLfl_Lt^t_a ClLjj" i u a (jj^- 2_bjjm ^JjiLsj ^jjj ' ea II 



Tools and formalism for expert systems. 





•2 «. i V, , „t I 2 ,5UM 1 , i<> |jStt 1 ^'aj 


LiLiIa d * ■ a a 


Sj_iai»J! 4 i la 1 VI J 5-aJLi>-" i n U cLx-aj-JI CjLiJ 1 - 1 5 JjJl>. 






• 3 . 3 u ; \ | n-ljSlt 






JjVI ^gjj mil JjiaJLa -1 


Language 


Author(s) 


Place 


PLANNER Hewitt (11) 


MIT 


PROLOG 


Rousse (12) 


Marseille 




Colmerauer (13) 


Marseille 




Warren (14) 


Edinburgh 


SNARK 


Lauriere(15) 


ParisVI 


FOL 


Weyhrauch(16) 


Stanford 


TANGO 


Cordier(13) 


Orsay 




Production Rules <Lc».LIj£h Jlcl^aJI -2 


EMYCIN 


Van Melle(9) 


Stanford 


OPS 


Forgy (17) 


Carnegie-Mellon 


EXPERT 


Weiss(18) 


Rutgers 
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SjjjiUI 6uo£jUI uoiLm? 



KAS 


Reboh(19) 


SRI-Int. 


RAINBOW 


Hollander(20) 


IBM Palo Alto 


ARGOS-II 


Farreny(21) 


Toulouse 




« 1 ' 1 C tl j tst . tl 


- \C - tl "5 
l )IS I I nil -3 


Language 


Author(s) 


Place 


KRL 


Bobrow, Winograd(22) 


Xerox PARC 


OWL 


Szolovits(23) 


MIT 


T TMI'I'C 


MeliK(24) 


Manrord 


FRL 


Koberts(23) 


MIT 


ATA ^T~\ C 


J>ridnaran(2o) 


Rutgers 


KLONE 


Brachman(27) 


BRN 


ORBIT 


Steels(28) 


Schlumberger 


HPRL 


Rosenburg(29) 


Hewlett-Packard 


LOOPS 


Bobrow, Stefik(32) Xerox 


PARC 


KEE 


Kehler(33) 


IntelliCorp 



Lajii^. Ijls. VL*3 (jjSLj MYCIN Jla j-oLij_l3 . 4iJ_uiJ,l j_ifcl^2aJI £]rJJ L*JLi*.jj 
£t£. Cj La^ 1 * a j-u-ujlL] i^-*-* Q '"'**' 1 ^ L^L?"^' JaLujL) <J1 j i .ill J) I ***M 

jl ^j^x-i (_£j-ii=-J V <LiSLtj jJI .. Lj-iSLi ilcjj_a 

.4_J3_ajJ! SjjjJ! <_ i IS II jjjj Cr^ 3-3>« L$l jl . -Ul->"tl 

jjl i all ^aose .""II ^J| jjjl {j*a ^_aLjj-±JI ga 3 *H I JLA £_L<j_i 

lj)l IjUJl^u I jj ' ga 9 j ^ la ' 4_t£Llj i ijr Uaj-« JSLjuj »^ mi ^J^j-u-uj 4_i_}L*J1 



I9S 



4_oJGj>JJ (j-\_i ( __^3l_uJ1 (j^-a_i • ^-aLij-itl ijr^- iSj '"" ^ 

J) c I 4_*_ulj J j-aVl < 1 1 taj * (Jj t^3j£ (J^ (jl i < nl CjL>.j jj - t-^ i * p_i j 2j ) 

<l>.I^j LaJlI^. ^jjUj^J! jjjtjGj ..sIjVI i nil jjjfcjGJI 

^1" i"i i nV «common sense p-JLoJI <jjt>JI» ^1 air" ( ..I £-aUj_JI SjJLS ^Jjl! 
j 1 c I p j a j j-^' 2-aLc j-iSLij 3j jls j uu II dlla-i L«_Lu . III cjULlJI 

ijjjt jGj j<ut>l J I (jl £-a i_aaljll liilj £-a (J_aL«jJI (j-a lilt!} < j IS 1 1j . (J5I moll 

.^^rQlLsJI dlb ^ iji^l *Jljj (jSLIj 

4-L*j-iiiJI 4il!l d K i"i a (J I j3 V . fljjlali a j Jljj 2 £ ^!-'^' Cj^Li^saJI 
O^* 3 (j' * *>■ ~i i ii a It 4— i^* i^-> jjjnj (J*\ i"i ) Lx-a tc 1 1 oL>JI *j J ' n£ 

^3 ai ' all! «L»_u_i e-ujJLtl ■ oju 1 1 ^3 £_l^oJI 1 JLA (j i n'^o (J_aH->»JU 
.oLjLaJI jLcljit 3 J*J.'t^tl 4iJJLi 4-lIijJI J-alj-JI 
Cjl— L T tt— i ljI^ **' m ^M (jl (j-a (J-J-3 jJLl . 4_j^t_uljHj_uVI (JjJulj * i^-> 

w J a I j_A (jlr j i4j*-ajjjJ L«jl.S 43jj(II 3jX.Ljs j j i ■■ flj 4_a i nil 

3j-a_>JI (j_a £.j^>> CjLiJfc_uljIL<_uVI eJJb ijr 3 (j-aSj (j^-b ^ ~*Ji ^-itii 

l_Aj-jaiajj L^JjJjlj (joSj (^r^ 4_l>.Lu^M JlcI jJlJI d La i jj (Jii-a_i (jl < ) c?^' 
(^-3 mata-rules j— clj— S-JI *ljj L-a ^Lt V " i nl J_aj ^ !j ^ ■ j * ^? 

.tfUoVI I ju*> w a--.ljU^ - .■r_'-' ; J U: " (30)TIRESIAS j-aUjj 

w I c 4jjLc j-j-c Sj ) S a tjl i n i^Lt (jl . ju>.lj (j^s (j-"J-t (JVjGjj/VI 
I JL^J l_2^j 4_oJLlie_a Cj Ljja_u I j^o-u I ^1 Jii>-" i ntj i JjLjJI i_i3ail j_a ^^al jjjl 
3_p-L'ijVI _LclajiJI i _^ r Lc i>_Lal'u«J,l 3j-l^>JI ^ i La )VI g-jlaj i V Lj-i-u ' aSjJl I 
.dlti (j-cj" in' ^pJI 3_(-aLiJI oVUJI j£i SjLuII L^JUI j i^".^ (jl 
w I c p j 3j «" ^J-^ 3 jLitjl uul\ slj^iJI (jiuaJ (jSLx-iJ 

(_,-3 (ja^>.LLaj ((JjLj/ i_a3j^j pukj^ju p<j<j>l i^j-tl i-iSoil (^ ^(^^ 
( _ ;r 3 (jj I « flj La^ LtjUoi-lj CjLusIjUsVI £-l^>J 4_lL«j(J * jjaJLtl ^1 3JL»JI a JJt 

.s^Luii jij^Vi 
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***** 

3 1 b, \Vl t l_Lj \l . a A a VLa^o i_JaJI j^Uj 
L^Li- M i A I * . a i a> JL3 u i i nt I lj-#Jj i3j_ui>JI 

LJLcj . ^ '^pstjJjVl (j^ J-"^ I'll a £_«j>.j 3jl jV! 

J^cl jjjj SjLa 4_j_Usj_I! CjV. I_>JI j-jjLj w La «_' La 

I Lg-La A J iU 4_jjLl^>.l JjLlij ^Ij^jcjjj/I (3^-4-1 CjLiL<-lJI 

^-3 imU 3 K ui a !>i-j-a C^>J J-C J-3J 

f.\ JUa-" ( ..Li Lai nj^-SjjJa JLs-Li w xlajl uiill 

cjLs^Lc »Ij (i" < ..V, (Jjja (jjs Sj^ojII cjLiLjjJI jlcI^s 

3 ~ **' * ol_t-sa-i5e-ujItll j^palj-a^l (j^- 1 3J1_iJ 4_al_A 

3 i^-, Vl< :t VI f KjJI 3_LiSj JjLiti^L) 
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ie-JaJ! ' . 'J.'^^ ^Lu-itV (jj^J LaJ_t£. d j ,Utl CjLiLuJ! j j i " J . '*-»al 



Mathematical methods 4m£LjJI 

VLaloJ jjl^VI • La II uitll JLljL^tll L_tlj_Li-allJ 1 O-qJl?-" ( til jJLJ 

4_2-jj_LaJI oJ_A J_4j-*JJ i4_Ll«ji (jlslj^.! jl CjLa^Lc i-jLxC. Jy>-J <■ ' ' 



' d ' oj jj^Ls-lj 4 1_}Ji^t_aj L3j)jJt_o CjLLtill (^_] \-^1a £JJ^-J tJL^- 1 (or^J"^ 

S-ojli^J (jj£~>j *>f^' J-i^' (j- 1 * 'X c^p. X = (xl, xn) vector «L*H<i£ 4^AJI 

P(D/x)= 2 a j x j 
j=l 

(jC^j^lil-Sj-ujJLl (jlalj-C^U X J j^^-LJe uliIJ D i^zjj-t^ \uJt P j-^ijj) 

JfUIuj . V 4_l3L^ 5->-J^> .^aJj-LI (3^^J L^P 6 '"""'^ ^>>-l 

ajS_<i_^ ^1jJtIL_uV ^ < >» jJL 1 (jja ^u^\£ 5_Li£. jL^ej! 4jr ^ 3 gJjJaJI j>J_A 4jjjl^£5 
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^yJl 4 j 1 <* 4_iLvV! i^^jj iVJjj/ SjJi^. J£ Jil^j <-<j~»- decision trees, j!j_2JI 
U La «" sLj-Sj-LaJ! SjjcjIJ! o^i J ' '"" c?^ 3 " ' 1 l£>**^ SjlSc 

4-Iol i u i i-CjLd jUU »1 <i If j-Iaj «L^>.j jj-^'^-^Jj-ka-J t &JJt> jjuc£uj 'Q^J"^ uull 

<Ll5-i_jJI o i ii "j J i ea a I d j *C J m Kl CjLojIjla j^Ijjj LaJ_t£. ji 

SjjLia J^^Ls- (j-a nju" o^J-^ <_>^i>^' SjLloJ JLto-l t-jL^utj ^ ' ^Bayesim 

JL^oJ J!Uj P (s/mi) c^i\S I jLa i^jJt,! I j^J 5uL^j SuL^I SJLv J£ ^ 
Jix-i P (Mi) j iMi (j-o o^i>° o-^ S aJaa-^Lo 

^V.Ij^?i-.Us-wjt I j| jjj i(jr;ji»U ,_^aLieji/Vl ^ WI (J^J-^ 5-lLi^s}U (Jj^! 

P(mi) p(s/mi) 

P(mi/s) = 

n 

2 P(mi)p(s/mi) 
i=l 
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(j-o ( _ ;r la_<J! 4_o~l_Ll! ( _ ;r 3 4laj|j_Jm CjVLa-o-V! j_i^>Lt£. J)Jlc - 1 

JjIjijJI ^IjJxIuJ^ 4j*.L>J! (j! L«£ iSJaju <-3>jtj La Ij^Lij !jl»- JlcIj^JI 
.^jLlil! 4sj (jjo JiSj S-i^sLJI cjLil nit 3 n>ilj-iaVI 
mutually exclusive Luzuu I J w aJu (jIalj.aV! j! Jx.ljill -2 

Jl>-!jjj La I j J) Li CjLUsljHi! ojutj ijl j"f VI Cj JL>. I CjVLaZo-V! £-J-«^>- (jlj 

2 "a j A , ^ ^ ^aj^c (_3^Lst_) t«Ltia2_L) La Jjj ! jl jljJzJI j-jj-jj ' (jtx^aJI jj_a -3 
j-jtl—LU (_L£ w I c J alll I Jut 3 .' *° '-'J 'U^J"*" ""^J (jrU uoLpjV! 

.3_oL^s-VI ktl |f 3jL*i«Ji.! 

LlxSLaj (j^Jj i(_L«j(J! ^jls ij i 'ijjtl (j jt->ll *~tl |-I6 JSLzu 

.jjaljJI ^yfl *LLVl L$j J-aju tylll 3_2jj_LJ! Jlaj V 4j| JuTp j! 

3_aiajVl jjJLc Sjuj-utl! 3>^' tPl ^Ll^VL-C^LiLuJ! Jui I (_LlL-»<J 

i ^ r u3jJLl jj-* -SJ-*Jj jj^ajJ! jj-* ^J-^ tj?^^-* ^ J ' ^J-^ ^ CjVL>J! jj taj 1 

SjtaLaij jj>3 U>?^ ^ARAMIS ^Jj nu dlli JLLaj . «.LlLV! L^g-a Jiir" < ,i_t 



4-Cj_<u*_a ji (jAjjJL cLLjLxjs 3_JL>. £u£ j i nflj i CjLiLuJI SjlcLs ^1 L$j 
' (_LiJal! iJ7 ^- La_a ij^pajJLl ^ JlSjj ^^LjlJI ^4] ^Jj?tj_uj p 3 ' (3 ' " CJ^'J^ 3 

SJjL^a Jfla iCjVjLa^s 3JlC ul!j^>- J^J iCjULuJ! JlcIj^ £ije_u 

JjIjo ( _ ;T JLc I JUlu jLlo.VI I jut jLui/j_J JlcI^ ^i<ijJ i RobertBlum ^^li 

cLa_uj cGiJI (jljulS SjJaLiejs (j^s LdJj) ^jlS La j^a iCjLiLuJ! JLcIji! l aaj. I 
OJUt (Jiua-i n i n"t ^La i3j_ujJ! tLoJaj VI ( _ ;r 3 Lai .sLUaLi. jl 4-c-^aLl CjLiLuJ 
Sj^ La jj-" i ,.a LtJL»j Ltall S Jul jj i SjjjJI I j) i . r I taj.VI 
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.^LLajIplJ 

i_J talu V L$ji j-a!j_l (jjo LgJLi_i_u La Sj_iaiJ! ^ i La )Vl La (jl 

EST— j (I0) PIP c_^uj / 9) MYCIN o^-^La <&3j>*il 3-JijVl 
(l5) PuFF t iiJ^j 1 (l4 ' l3) CAsnet/Expert, (12) VM , ( " ^ERNIST/CADUCEUS 
3-a-La jVl i LbJeJij . 1973 j»Lc j ij <.-. f& L$ « j < >.j IRIS j 

p j ' ea * 1 ^_L3=T< f .1 i3 ' d * o ' eaj 1 1 4j3jjtl1 ^J-lL^II] 4_jj^_u^JI 4_cLj_t-£ill L^-al JLa-" < ol 
frames «dj!jl_La')M » j^s-VIj S_JVjJI cjK j uJI (j^ + jll j iS-La-Lu^! jlcIj2JI 
CjLo^LjlJI (^-i uLaL_LjjV! i^J-t ft j J I 1 ; 1 >i I ijr 3 Ltiajt {jj aioie 1 Li^ ( _^> ( __^ 

J-hjj (jyJJ J^L! i uj I j . » . a i3_ajj>-~i i ,,U CjLljcjjIjIIjj/V! (^yi 

a ' ga ^j,-^^ i L^-L»£ j-jj-ojj ^H-" O j i -»J 1 cLaJiu^l i ajllsej 

'.(j-LkJI JL>J.I ^ SLuj/L-uV! Sj-ioiJ! 2 »LajVI (jJLlII «j^>J! ' ^'^JJ 

MYCIN ^miU 

LajLj^. j_fl> jLLuJ.! 1 ^ a j 1 1 j t 3 j , „LUI 4£.j_>J!j ^^L«J! ^IjjSIj (jlajj.! 

LgJ (_gj_>«JJ lJ->^' J' j*^' < *-" 5 ■^■'-j 'c^dJ^ 1 ^La^Lc j j LaJ 

j La 'I) 4_lj>.LLi! JLC.I J'C i"i ( _ ;r ^ 5l 2j '"11 CjLaj U U J-JJ>-1 f<U i5x.jj_a 
J'C ,"i ^^.3 l_j_oj_fl> sLujJLl i—ialjll (jjs JJjlj d La pj I Ij (j uig 4 _ =r j LlLl 1 (Jj^uU! 

JL>.| (^Jajj-^-i (JLlXI 1 JJt ^JIjLuj .2-16 (J*\ mi ^5 (JlilXI j-Lajl i4_j_i_j^jjj mi 
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MYCIN JL_JI ij^t 2 - 16 JSU 



4_>_La-e <(J 0_Jj^>.ij i(^jLliLjJL>. (jLljjIj 4-4-iJlS 3jL>.!j) £jlj-« 4J 
(_>^i>^' 0-^-19 (^tZuJj«J! <-£ Cr 2 l£ j Jj-^J So^-lj 

4x-i J.3JI icjjJk! ' '*"* CP- 1 -^ (Jj^J ' ^ S * " 3jL»>!_jJ ^^L«J! 0-><J (JljLo 

ai< Mil j^joji 

d i mi" ^3 2 Ij j , „ i ^.aLjj.iJI ^3 4_aJLa-**i intl Jlcl^JLJI j J tajj 

(<i\j 3jx.Ls Sx.LJa jujj (j-cjlaj 37 jJa £-aLjj_JI (^JJ LlLsoI liLa .2 ,U1I 
t^VI <LcLlL=lj j-oV! I j^J ^ < '-. 'Jt"" "J '37 

-.37 3 jlcLs 

j Gram-negative i_JLj i_jjj£LlIJ -2 
j «i . u.Ltaa» JSLZu (^jISLI! -3 

. « enterobacteriacae » (j-a uj^SLJ,! jl (Oj 8) ^gjja JLjIo-l dJLlA -.(jit 
SjvjJ (>-uJ coefficients Cj^LaLnJ.1 <_ maj ^ i .nLa (jl Jlill I u^H_5 
J i -■« All Ltl i>ijl (jjJI «L2jjJaJLi ^jLlill ijjla Jajljjjj i^jLlill (JLCo-l 
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(jl^ jlsj fuzzy reasoning jl£jJ.I j-j-c. JVj" , uVI 3 i^Lla jti^. j uic (^^1 
t^j j-La 11 (_y£±JiX iqulJ 5 JlcI i n 11 3j-;L4->J1 d o «V1 Ijijlj L^t_al_jj-j ^_*_ujLa 
(JyJa O^c-jJI ^ jjs j-jjLj 4J tjl^ Cjljri mi" i nU 4JI a t~ < ul fs-^-JJ 
l_y-^>- i4jJbjJ,l Lj-ajlir" i nj (_^J-1I (JVjojj/V! (Jj-^ 3 iJt!-'-* j 

Sj-SLs »l n U II (Jj-23 ( _ ;r 3 J .'--.All jj^ujLi jjl^ jlsj iLiajl i_JaJI JLx-a ^jLi- 
4_lLLs j_uJj ( _ ;r 3 Liiajl (j-u^ijLo j»Jiitljj/l L«£ ij ...All (jX. 4_3jjlU SjLcLja J i aa^ 

Present Illness Program (PIP) (jJUl 
sua S^jjII JiUjj .(jJ^JI (_p=!j-ol ^j^j-^ uuJ MIT ^ jjsLij-l!! I jut jala 

LjJ VLvo (_ylaji jj i (j ui£ iiJL\l! Jj^iAJI j Laj|) 4_usj_A CjLjLi£ (JSLJu (jlr 

^_LL«aj) Ua-uii clLtJtj Jlj ' (I la ui I ^_u-aj)jJaj ^jLjSLII (J-*^* 

) * C j 4 (' la * 0 ' ^ * '**' ' " a *tLtj>o i^j-^- 1 ^-o^Lo ijj LlAj i (' la ui ) 

Jajajjj lOjjjieJj ' La uull (jLiSJI (^i^. J-aLijjJ! ^Lu-it! j^J-y * LiSU 1 «L>JIjla 
. I U ,V. 4ja£<^£: Jj^l oW^-" 1 flSgSj Lojiic Ja uu 4-uSJ! oW^' Cr'i f L*^^ 

ji^>*j ^ji <. i 1 1 u i Lai ij-^I tl)W^ jl t**<~w1 ^Lul ^jLjSLJI 3JL>. j»jJijj (jt ^SLa-ij 

(_gjljLa jl (j^s-J = »l ri i ."ii ..1 i . i l l 

JjLlo^Ij ' a * ' «a :» ) Jl^Jj 

oujLs- Streptococal Cj^Jj l-u . ..1 

^JLSDI p ~>- . >» j i^_djjj^1 ^JlJI JaJi lIj tAj Qj LtaJI f\ 5 ■**' i ol :« )1 i < A 

. glomerulitis 

callulitis ^gjKII i n rll t-iLjlJI :cjLo£.LUaII 
fjj glomerulitis ^ I r (Jju (j-oj-aj j^jj_a ■ La « i *-» : ^j^j"" "^Jl 



90S 



»l (i i n" < ill JJ^-*-° 
Henoch-Schonlein Purpura ( _ ;T JLc Jjj (jJa-JLi j«Ji 
PIP Acute, glomerulonephritis (jLiSLII <j-° ^ "'^ J*** '~" 

INTERNIST/CADUCEUS Qtliiji 

» La (j£. ClLa^U a (j o ' ifZJ 1 ' 1 4_*_oL>. ijr 5 ^-oLlj-jJI I J_& j^ls 

(j-a ^-i^aj La jl j"r VI jJ>- Jjj tdjiViLJI (jlslj-a^/l ( _ ;r 3 uiJ 355 (j-a 

.oLcMJIj ^Ij^Vl 5500 

^)'— lj «\l t j ' ajJLLaj *jj ' ^ w ' a ^ "Ljj jJI I JL^j 43jjtl! 3 JlcLs Jixjj 
O Ltaj. ^-11 J n i"i"j ""'I 1 |j (j^lj-oVI jj-tj (j-tjiLsol Jajljj dJLutJ 

JSLI 3^a tS-jSLU-il^VI v^jLiLoJI j oLa^L«JI j 3_lUsjJ.I ^Ij^Vl 

«(j Q-J-Se -~- ~ 1 1 i ^j>. j3 ^ la 3. ^ II » sLJLlII 4-2jj_taJLi oLsoVI j^jljj i4iajlj 
«<l t^^\l T I ^laj^Ldj uull » J I i n q-*. iJ? JI j a < a (j»o ^JI^J 3 cL>.j J_i 

JaLujVI -llj-I^I {S^-° B-XJt SjJill £ l^>-j-5 (Jifl-iJ id i ii q-'w ^1 I (j-o Sjjs s *j>.J- 5 L^Jj 

da> £yi ^LU-a INTERNIST/CADUCEUS ^ <0 SL*iJ! S-SjjIs <jl 
druj i'oj-^ (jyJJ j la *_' 3^ i^jVI sLvjjJLi "~tt LtjLallc! 

(jlj i u-jj V (3jl>.!j 4_ulsji L«jtjLQc.Li) LiA^l^ ^L^ I jl ^1" i h'^LlLq I i j *' (^-1^ 

££_}Li_a 4j^Lj iJJLlAj 1 6 JijJiXa I o j ' q ^ *j ■ L4-4 jji^i O Lta3-^l rt J/UL^Hjt-a 

(j-C 1-1 -fcjl icIsLlUsj^ j-jj! <j-° J-^' (j-"^LnJI (jL^ I jl : ±\ 1 1" 1 nVI - 1 

<jsu; ^1 a , ,l,„ ll oUa^^Jll 

Ir j^j i4 j 2 (j^-J 2 . ■■ a I '*■ 1 1 CjI j ,>ij_aJI i^xc ^jIjj I jl : j_ujilll -2 
. d a I" se a CjL>.j^ I 0 g-iIajLJ (jl j^)^-^-! Cj La^ I * a tilt^t_ilj ^i^VI (2yCu ,<*>j^J1 
(j^. li^tjl i^^LJI .sLajIj-uI Jju tjLul (jl '^j-^ uu (j-Sj I jl :4jtjLlI.I -3 

.(j\Jt_a JL>. (^jJI I q j"l N ^J-^^- 1 J ' ^'**'^ Cjl_o^l»_a 

Ventilator Manager (VM) {^Li 

/ 12) 

£jj uia Qja Larry Fagan l£S^ J^^J-^' ^ ■'—**"■• I 
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^L^Jkl-i ^J-OJJ '*j^J-^' 4jLl«J! Sjl>.j ( _ 3 -U=>j_all 4-ui£ illLku.^ " (J-4£. 

system life support 3Lj_>J! 5j_jl i u a Sj_^>.Lj J-Li- ^Ir i_Sjjilll -<_i 

<- 1 1 AjX\ ^jUalj 

(j oAHll (^Jk: Ij-sH UJ^J o' lP-* JLoVl SJj^iaJ! i_s!j-*V!j jLO^V! 

. 4_j_U3j-a 4Jijj»Laj j-u_uj 4j t (j_o J^Qil ^^Ljtil 3_}LL*JJ 4-iLa-" < nVL J ultl -_a> 

Casnet-expel (Causal Association Network) 

a^jty.ly-.VI^-.-.lk^M ^ (4 -|6jSLi jJflu!) 

t^yzj <i 1 1 d j lj j ' iLoj\ jJt>\ glaJI ^j^/ t J-LaAJI 1 JLA j^SLai Jl9j i I J i •^~» ui5a 

. 4j3j^)jt_aj <t^t_u3 lj <."■■»■ iir^ t 
<Luij La^-Lu IsMjJI j CASNET j-aLij^J (a.usjLj EXPERT ^oU j_i 
CjVLaJJ (J_Lj_a-i dJI_La (O-Ls 1 njlx-ilj jj-u^ijLa (j-u 4ja^L«JI 

La£ 

.5 - I 6 (_j£LiIo 

:£ljit 43>l3 Cy= EXPERT Jlc!^ jji 

[Sic (^liiJt J i a all 
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CASNET 



EXPERT 




EXPERT j CASNET j>- 5 - 16 j£i 
^JLt C Lvl «L>.j_i C^jL^ 1!iLb ij-±^VI «La_jJLJ1 (J_aL*_a JL>.Jj ^Jj ifiL»_u_(J1 (j-oAj 

JUj»-VI Jla3 0 , 04 J jLtj L^x- j <_u ,r.<" «j 0 , 06 JjLtj La 3 u^j.a 
( _ ;r a (jyJI -9"" ' l ~£ La nj 1 -^'- 0 o-^ J-°^' ' ^""-j L«_Lu 0 , 06 

(jV Ij-jj^ jjLlil! i_oL<itj V dJJi £-aj . 76 ^1 J i aali I 4 j i>ij-aJl JLaIo.1 £ ^>-J-5 
^ J-j- " in" L$_ll L*^ (jl^e-aLij-jJI d allje a ijL»-a L#] JLaivVI Cj^LaL«-a 
«L>.jJ (^-3 SjLjj-JI (j-UjijLa i_ < i n-ttj I a ij [°i : j-aLjjj ( _ ;r 3 ^ a Li se a 42jjJaj 

^^Sjj SjLjj JL^.VI (^L^Vl JSiLlI EXPERT ii»L , JUla-VI 

J^cl jJiJI jj-a j_j£VI JJjlII Lg-a-C Jj (j^JI d j i>ij-ai! SjLjj i_jLjusj 4jLg-cJI ( _ ;r 3 

(jl VI njlj_jjj-3 4_«JL> 4_jV 2 tj j , gj <12j (jSLaj EXPERT j_aLij_>j 

.<GUIjJs ' tjt.t^aj| jj-a <Jjt^s-i 3-aJLa-"i intl Cj1jLt-£aIL>.V1 jj_a aje ■ ga 1 I ^JjlJI 
( _ ;r lJI 4 j i hL-uVI j j -sJI tLoJa I VI ^LlII JjJl>JI a 3e Lj 

. d nUll i - 1 1 '4 , i U", H 
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(9)SHORTLIFFE 
(ll)POPLe 
(18)Shomliffe 
(13)weiss 
(lO)Pauker 

(15)Kunz 
(19)Fieschi 
(16)Trgoboff 
(20)Gory 

(21) Patil 

(22) Martin 
(23)Engelmore 

(24)Gascuel 



MYCIN LjL^JI j 

INTERNIST/CADUCEUS2uiLLJI j-aVl 
ONCOCIN (jLUj-^JI 
CASNET LajS^LjJt 

pip j kr^ vi 

VM (12)Fagan 3j£j_U 4jI_L«J! (j-Usj-o SjjLIo 
PUFF 4jjJl^iJ! (jis! jjjV! 

SPHINX j»VT 

Iris ^j-" 
DIGITALIS i_,IStl 
ABEL PHCOHTROL 
MOLGEN ^.^J^l .UjU^ 
CRYSALIS LTHLh^ 
SAM Cr jLj_<iJ! j»jJ! .U;,u 



uLijjJI (JjjjijJI j»l jju! (jjs (o-^-j-II (j It* liiljj cil ±d r**!**! i nil Sjjla cjI j 

(jSL*j 4jLs i«3JV! j jS! flj » (jj 5 1 Laj La ^1 Jl?-" ( ill ( _ ;r 3 Q^jiLjj V ^LlLs"^! 

.^jLUllI (^jJI (Jj-£5^ojJ1 ^-oLjj-jJI Lj-a JL^-**t i ii l 

isLi^sLiJI 43.il_j£. ' . i j j La 11 Lj-a JLa-~i i iu jj] (j£L«-i (j^JI iSj-JLi^iJI i- < 1 .ib>Jl 
^—oLjj-j-i ' aa j | (jy^J ^ 'J f *^" ■ Laj La 3* (^jJI I ^-^tl V tiUjUj 

jjj i mi i| sLJo^L! LSL4-4 O' I l -r t: 74j • ^J*. 1 jL^**" (jr^ J-" 1 -*^ 
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■L-m-i 



L^_jVL>JL 1 2 L^_aJL-L^a-j L<s_£ t <Lc, U-L«aJ Ij aj U 1 1 

META- § DENDRAL Jl j*«ldUi*$ Jl 

DENDRAL 
^ <_s jjU! (I) DENDRAL JIjJlIjJ 

^1 Oir" i iiL nrganip MoleCllle-(_gJ I a «JI «(_£j_>J! <Ui] 
j j i (jlaaJj d , ,-i . U 1 1 a d niiUll cLi_<i_iSLII CjLjLu 
ga * i 1 4_LjHjt_a CjLi_j^jJj CjLjLj_J! aJJt Ji^-u 

.(J^.!j_a ii^ii ^jls cLlLsjiJ! aJJb j j i ii* j 

^1 J-*-~i 1 11L1 iJliLiLSLaVI £J-«^>. j ■■ — - : JjJpJI - 1 

(2) 

Lo^" J 'c?^ r Congen j-oLjjj 

J. ^j-ljj-jJ-jJ .£ 4_jj_^L^I (;? -S_ ! ^ > 3 fjjI^iJ 

. Lederberg 



21 J 



1 2 i La 1_jJjL_lj Li-ljjJj CjVLCo>-^M £ Jufc c_<_uj3 i L^-l^ j la *' 1 1 aojcIu (j^-^ 
-J JJ " **' ^ L? ^ **' ' (jr^rA^ ^-*^>^ (JL) L - k_ ' J - i ^- L £ A ^*-^tIu_uJ (ji (l)^- 4 *-^ 
(JjL^t.) (J^Jjlx t * ' (J-aLftlbj iclLaLJo 4-uLlL> Cj La d 

N-C-C-C — >N-C*C-C :3jlcIS 

. ^ j^-s , ,. 1 £) ^jj£L1 1 
(4) MACSYMA U m i<U 

J-aLSLlJIj J . '-^ I A " 1 1 | Jj| i ,| a jja. fljicl i mi 1 1 j_aLjj_JI Ij-A i_3JL^jj 

vector and matrix algebra . -.1 g Ij .-.I'aj A , ^1 1 j 4_jj_j_aJI CjVjUAIj 
i^jj&l lla -^Vl s L£jJI jjjLj ^j_iSLI! .Jj^aJI jjsljj-iJI ! jut JiUfj 

oJLAj i Lg I j J j Lai *" tl JUJLaoj 3 j i>iLjjJl CjVjL«Ji.I iLa-j-i luqj Jlcljjs - 

. jljl I jl Lfl-j-ll ' aj 1 (jl ^> JLa-"i milt (jSLx-i Li^ ^1 JLa-" 1 nVI <d^m JlC.1 jill 

2 2 

Sin (x + 1/2 Jt) ► cos X , Sin + cos x +1 

log (ab) ► loga + logb 

(Jj" 1 .1 U u I r ■ La 2 a j .1 j I i4jj_ij>JI JK ilVl (^Ic i^jjdi! oUlj^.1 - 
3X2 +4x- (jf tiJjJij (j! (jSUj ^,42 lCr !VjJI ^gj'i.iU ^yk: Lbji Jj ^M^pJI 
(x-l) (x + I) dUj^j ax 2 + Bx + c ^bJI JSL^JI jitU jl (j^-4J 1 
j_aVI d La 1 ulj i t^^\ id 1 nil JJl3> IjLfl i£Lujj_>>jj u < »l CjI*Ijj>.I - 

cos (n + 1/2) JT =0 (jf ^l"m 1 ..Li I ij 1 n^La ^j-Sj ^jt 1^3 jjlc N (jl Declare, 
aLj-SJI (j_o ^ 5 ^Genesereth cjj j i » \ i j a. 4-iijua-" . ..I (_gjLll ^jjljJeJJ (j£Ujj 
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<j_a 51 i^ajJI J I Sljlj Deductions TKonoric-type 2 j a j ' i -■»* ob>.l"i i" , hL 
LijI d S[ j i"i (jjjJa d lj< (jSLxjj MIT ( _ ;r ^ j-aLjj_jJ! j<u 

! t jut i_."i< a^j ARPA 

fk\ <X3r" i nLl '■iSj-i^^^ (J-aL£^J! CjLlLjjlj aj Sj 1 ^jj>.| ^_a!j-l dtJJ^ JLSfl 

^hearm (_£jJI REDUCE j^lj-J! i>jufc (jj>j i j < . ^ I 2_3jjt_a SjicLs 

^Jji'irijl LEX ^-aLjjJJ ^SNARK (^lc I JL*l«-a j-lJ ^1) jj-T ^oijjjj 

(9) PROSPECTOR j&i~m*§jd 
!il :2_JLlJ! 3K .Ml nj- 5 ^' L^_^Jjjj*j £_aL>j_J! ! jut jLtlj 

L&jJj ~»" i ul £j3aj-t1 ^j^LjlXI ^Jt La 'j aa. d 3 La * 1 Lo^oJ^o-o* I a i a j LU j-3oj 
<l La -"^ " j J** ^^"" fl 4_jJVjCL_u1 CjLlLi^, ^-aLj^-JI ^ Jl^-"1 i ii S4JLLa_U1 0 J_fl> {jja 
2 -1 i ■■ 5 " iljl < i i^i ^IjLir" t (L^^JaojJ! LLfl>) (j^aLiJ! £j-U3jlL 

4_a J ie " m tl CjLjLxjJ! ^j^Js ^ 2 J II j»JLc jl g-Laj (j-SLa-iJ 

SjIjli (^yi cjULlJI (JL>.jI (jSLajj i^oLjjjJI L^jJI Jj^sjIL (jyjJI oL>.l"i i" i uVI 

JJLsoj j « j j La 4jl1j ^ Laj i Cj!jLi£. JSLvu ( _ ;r 3 i. . < nL>JI j_a jjLajJI 
J j I t" II £_aLij_i gLaJ_a-~i , ,i j ^jJ! (^JVjJI _o^tiJI 2 La i oIjLjiJI ojuii 
jjaJall I jut JjLcjJI J-^Ljj-i ^JL^Lj/I JLSj (jjLuJI Jj^iAII jiojl) ^"^LIFER 
A i ii 1 -v Qa^J La SjLcj iCjLjLljJI JLcIj^j 4jjLjjiaJI 4jlLI 'LU : u ^aljj SjLc 
1 2_j^Lj 3 J cjLaaitA Lt«l_L)i ^aLjj_JI ■ r <lLaj ji^j interactive 31c I <u « jjUtlll 
^jt j^**'^ ; ' "^H ^-^l-O^ 1 ^-J-LaIL-uj ' 2 , i T, I 3j-u_>JI ^Q_La_Lll ^_alj-i ^jL*fu «ULjIuj 
(Jj^5 (jr^' JJJ-JJ 4_iSLx-l La^ id i nl->JI ( _ ;r 3 4L>.j_a ^ 1 1 c ^j_Jij 

^jij ^aLjjj L^-La t jj'i'C 1 1 njj-l l^>- 4jL3lj Cjljjl Sj^. Cjj^Jo Ji^j 

(2_jVjJI 2, < j ,SJ|) oLaaJjLAil (jii''^-" JSLjSJ! j>j 4j>.jj^a 2.^^ 

Knowledge Acquisition JlcI . ..^a 2j.j,Utl 4JJJI ^ (_u^_SJ! ^^jLiJI J< uJI 
Sjjjl>- ^iLaj^jii- ^ jir" . ..U CjLaai«Ji,l t-il , ,."^1 ^aLjjj system (KAS) 
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2Ja}L«J! (jLa t B 3_u^ j_a 2Lcj_«^a A ojLSj iPI(A) ^ A La ojljsJ 

j^iJ! J£ ^1 j3 j ! A (jV < I jj! 5l3jL^> o' 0^° pi(A)>pi (B) 

Jlj>.| (JiLa-ij tj^g£> i ( n^^-iJ ^l**t u i nVI d's i mi ^jja I - I 7/j S> mi ^ujj 

L«-Lu Degree of Sufficiency (DS) 2_jLoSL!I 2j>.j.j JSLi Q-* 1 1 (j-uijsjJI 
SjLoSJI j (j-uijj Degree of Necessity (DN) Sjjj-UaJI J j-^-^l J^-s-i 
.y-j AtKLst * aK3t; — .Mil jfiiijLsJI l.'i* jlFd U^M ^ cjjljJ 3_JL«JI 

2 E — >H (jLi ^j^cJJ LialaJLa 2-jjl i ,.a 2_Lgiia}UI 3jl A<tt 2j>-j.Sj U 

4jj^_j_Us 2 fc^ \l II ji CjJtjJI jji jyij DN «1 *j ■ h 1 1 2j*.j jj ijTj * ' 

H- jL ^3^=11 LjL^a llLI j (jjSLj DN = 0 I U <_P= f ^ 

«neck 2_l2j» -5j^>-j j j laj I - 1 7 J'C ,~„ mJj-j (ji o-^- 4 - 1 I jSL&j — >E 
(J^LUVI (^i^ (j-^O^J 2jjLlII jj-^ .^tl ji^>.^I (300 2_jLi£2_».j.>) Mj^a JjJj£ 

» j 1 « Dikes 
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granitic 




favorable 


intrusions 




regional environment 


(0.5, 



5700 



0.0001 



800 1 



level favorable 
for erosion 



5 0.7 



pre- intrusive 
through-going faults 



200 0.0002 



near- contemporaneous 
volcanic rock 



abyssal or 
bathyal environment 








\ 








texture 




porphrytic 



20 1 




. ((9) bjj : j-Uail) }j&gp*$j, ^L«i"i)i j# (. jr 1 _ 17 j£& 
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LITHO $«J &li ji 

i "'I Lxc (_5-Lc jG_<j/V! . ..I xaJ| i>JL^j '(j-^ * uiV I Jal uilllj 

Cjl_j_La_La d ta i ul aj I flLu i 'J Driller i_i_sLiL)l ^ La i gLa.jJ>-" i ii U jaje-LaJ I 

i Schlum berger-jja-j-j^aj 1 A ^^a j^la ig jlII ^ l4, '^j^jJ £-aLjj_i £ya <_sjigJlj 

^3 «Lt-aL>. 1*11 1 11 4j3 j>. jJ^_j_>J1 jqJLjlII ^J* a i \^c& CjLuuLjJLJI a JJt j J ■ ■• aj j-A 
J a i u V I ^LaJJ J ' a ' a i -»j J J ' I JJ a JjLH^' OJ^J L$j.iL*jaj 

jj-C Lo L&Jl£jJ ^^yllJi Juki J-tloJI uLuj-J 

- ^ 1 j ■ S a tLojL>. 4j*_uj ^yJI (J Lea * ^^ylLv 
L^_it jJu_lj (jj-^-M iJjJuuaJI (j_a_u i-Lauj ^j-Ls 1^_u£^ ^^Ljj-jJI ^a, JLscj-ujJ j 

) C^iL?"*^ (J^?*' Cy 6 1 J^*-^ ^ (J-° >tH^" JP'J-'J 

Sj-d-S LiJJj ^yC Cj jLa-"i r t nj - ^ - >* 9 1 ***' ^ CjIjLu 4_>JL*_l j La Jaj (jl JL>JJ 

Wireline <^H mi tl <_Ll_>. J"^ jj" 1 ^**' 1 <JjUe^j ^Davies j-^ij-i ^ ^3 

jLl1£.V1 j_aLjj-jJl j^-Ljj i3JL>. JSLI i La a£ JL>-lj JllU-i (j^-Ij logs 
4^ LlSLI lj Cj j LtaJ 1 Cj L>. j_a CLu ^jJI i t_U3e-J 1 Jh* 1_>J Li i La '**^ 4 La 

,3jJjlLoj S^-li^ I La >J| j^Lua_a ^jlj 

LITHO 2»l-i^ cf« J5S-»i-i5Sl 

< (I6) EMYCIN jjLijj^k ^LCl^VIj L^L^I LITHO Cjjl^L^I jl^J 
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La i L^-jJI J-t-a^aHj (jy^-Il ^jLllil ^J^3 «L>.j_} ^_aLij»il1 La * * j i4_j_i_j^jll]1 

i (J j>.jJjJljj j I j tlj i(jjl_«_«iJ 2 i ajj c taxonomic 2 j a j I i a * SjlcLs 

(jl 1 i i*,-*j-ILal ! jLa .4_L>.J-U CjLiLlJI (j-a ^ j a j a C J-"^' Cj La j I » a ^1 JLa-" ( ill 

'"2 jj j < La II ^ >J -A 4_j^>.^J^_j_>J 1 3j-j_dJ1» ^_aLjj-ill JL^-**< i n a ^Jiolj i«. 
jj^a (j-A j xLaJI ajlLai\ q\ dJjJLJ» j-aL)j_jJ! (j^/ SjLcLaJ! ■ La ui u ■ 



classe 



orders 



families 




LITHO j Jj^Ji ^ ,j» 2 - 17 jCi 
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tJ cljk.oUI 

' La i ■■j**'^ I ^3 CjLj^" i u a 4-*-ijl ^JUtjj V d 2 o c (jTj**' '"i a i1jL>. 




sJV-i^Vi J»-i ^ 3-17 j£i 

2«0&mmJI! 4»Ut UJI mam 

Determination of the broad Lithological Structure 

^ lr quartzite j Silexite charts (Jii_a uuj» Jj£ JlSLii LgJ jj'- .^tl ^ 

CjLjLljJI ^1 Jlj^- **( ( til w 1 C (^_LjV1 1 j- j -t-q- T j 1 JUlIL*_] i^lilXI ^Jj I ( n 
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Jljlj L«-l3 I j Lu j jj (jSLxj Su Per-Groups-Lj-L«J! 
heavy, dolomitic rocks, J£ La j! <jSLa-L3 :,_£jj>.i cjIjLl^.1 i^LuiI 
c^o Saline rocks Rocks (Phosphates, siderites, Fenginous, limestones, etc) etc 
. (3 -17 J*C A j Laj|) Histogram 3 j-rj i ill j«u-uL> j»Lc ' <^ 

■ l _y-&> "^la Litho £-aL>j_i ^Si 54 jajSj SjLcLa^ 

. '/.5 ^c_laTlj Histogram «q nxaJU 3 j i h'i c^jl£ lil 

jjj-LsLJoj (0 , 7) d 1 se (j5-A c_t_Lj_ojHjl d 3 1^ * I cLa-iJLaJI ill (J^SLj (j jl 

. (-0 , 95) j-^LLa j^tjj (0 , 2) S j^tj .(0,2) Sjjit^s '(0,3) 

(J^ 3*1 J SI ' ^ rt (J rt 5 J oXuiXI '"'^ ajjjtXl ^lj * I 0 3* ^O-ULxJl I J_A JJ Ul 1 

JlLa _aHa Lul^ * <^jLxji»il 0 Jila .5 1 j-a . Logs JjSLII J-^C 

i— al mi's "i i nVI CjLjJLi^, *Lul (j^-LaJI I g-tlc (jjJI JJ~" ' LLta I a i -«j 

dJLLaj i(jL>.jJi.l Jj^-j Jjj ^jjJLS^ Paleontology 4_5L>.VI ^JL. jIjjj jl 

: i" t ul (jSLxJ j I 4^j_vj(_a La SjLc (_ylll ClLajUU (j-a (_£jj>.i ^jj-il 

4_a_La_La iJJ _3 jj se-LegJI ^a_it 4-a_i3 Cj La^ 1 * a ijr II ^Jj-a^jJI t 3^- CJ l^^-Aj 
Q^jj£L!I <■ lUL-u-a JlLa ij^jJI J-^J-l S^jjiil J!>Li- (j-a CiLal i"^" i .iVI 

jjj 4-j-3ljJL>JI Ci La j Unit iJjSLj (jl_o~^/l < fc» « a , , U , Jjj.iJI ^3 

^j^La-i lILI]} (j-a J tCjl— Ljj 'v" II j ' a * I ^jjj>* ^l*i i*i t ul ^Jl (J-t-a ^jJl ^3 jjj^ 

. I j"j 1 a! LgJ jjLlj Jj^sjjJI 

(j^a ^^>.^a-^a-J->J I j ' ^*tl Jj^^jJI ( j-a 3jLc LITHO ^_al_jj-j 

i_3jjL;i3 iiiil jj Lj^-jJ^jj>JI joJLc 43jjL>s ^JLC 3JLs- Cr^- 35Ls.VI CjLaaitA 
SJlcLoII L3 -1^ 4j1 (( JljO* i _ ;r ^. ^aJa-o* ^oJLc ijL-^o 4jLjio)> ^ULa LITHO ^_aljj-j 
. jl Silurian Lai Q^Sj Si^-j-ll ol (jJI jj uu graptolithis S^La J^>-j '^1 

Ordivician 

^ 1 <a o_o jj .I' i ir-i"t sLuLu (^,3 4_^>.jL>JI CjLajUU (jSLajj 

CjLiLuJI 1 ^"'1^ 1 ^Ji-JU 4_iAj_u-£aj C ^^-' J ' (j-* lJ^ (1)-* OS^^ ijr^3 t^Lj_iI 
4-o^l**i i**i t ul JLcl^a^J iljL>. 4_aLc JlcI^o^ ^\ ^Jj-o^aoil ^ Jl^-**i i uj ^jt j^)^- 4 - 1 p ^ ' 
(jja^lll (jL^ I jl 4j! dili Jllaj .^aLijjJI (jJI oLiLuJI Ji-jG LaJLic 1 La ui ~ 
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JLsIoJ tiJLla (3-Lui Q3r4-° 570 <j-a ^1 ^ujls) cambrian 

I d ^ J 1 4 j i >,j ? i - < I ^ ^ , LjLcj) ■i.o l_L) ^ ta ui ' 1 
' JJ ' a c ' ^ ^^■- > ^9A9-^■- > • lJ-^L)"* .(((_p»jVI ' - 1 1 3 i la 3 CjL«^l*_a 

(jjjIjSLII '(j iiK'II) (jJjLujJ! CjLa^L<_o 
(jJLajJI tjJAIaJI i^j-L>J! jl5e_>J1) Lfld-UJ aja JJ~- * ^>t1 t_£U-aj CiLa^U a 

(g-i uul\ i4jjJuJl! i4-Lal i ii U) 4_Jj|jILi 4 < j i U 

( _ ;r uil,! zagros <j-"ji>>-lj fl}-*" J' ^tH'j^I ^ * 4 s 

(=0.6) .5 (-0.6) 3 j^tj fluvial 

LAGoon (-0.3) Arid (-0.6) GLACIAL (0.8- ) 

PELAglc (0.4).... 

deitric (-0.3) biological (0. 3)evaporitic (0.3) 
Plutonic (0.5) 

( -0,2) LlfT 5Jaj;.>>a <■-. ... J I 2 flkll I (jl Jjm^ JLiv! liJLiA -3 

(0 , 2) asUMU J^Li ->^>->J Jjm^i JLto.! tiJLla -4 
Jjj^j^U ^^jj/Lj/VI ^^j!LlLI! ^j-u (^yJj^/l t- m i i^lil SjlcLSJ! Jajjjj 

201 SjlcLs 
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lLL^ILu £jj (j-o 4-ul aglaJI 4ojjJ! i. m i .^3 ^L?' I jl 

'•(^-A 2 ii I" -»J, 1 ^-lLlUI -5>>-J (jil 

HALITE (0.2) DOLOMITE LIMESTONE 



t^&UI i«UI j-- 1 ,«l^if 

d o j rt 4jj-aj L$J CjLj_l^_U1 ^J's i"i i 

JjSLII (JK i"i I ' a i -«j (j-^ 1 ""'^ <^>l-3j-iil 3-d j-«j*_o OjJLxIu! JlSj 
j-jUijso j<u jlsj iNormalized signatures 2 _i , »Lm? (JLSL<i! »j 2 nl'^JLl 

CjLjLljJ! SLtLiiaj 2 \jl ^ LITHO j_aLjj_l ^j_2jj i^aLlj-JI Jji i""l *Lij! 

2_JLSLil Ja. ^^JLc jlc! i in Ijukj n^jj>.V! oLiLJI 2iL^ ^.a 2_aL$JI 2_jj_ajJI 

jl ( M a 5- I 7 (JSLdu ^lii Lq-Lu (j^l 1 " a 4- I 7 J*C mi JJJ (L_SjjLiJI 

IjHa 25,_£Jla ^ylz. 2jjIjj 2 < t nlj oLiLa-" i ill j j laj jjloLU! : Plateaux 

IjJLo 252_al 1 1, a (j-Lc (jl i a Sj ji SjLjj j j laj ( _ 3 jJI (jJaLitl :Megaramps 

.jUa 25 2, (j-u ^jljlu 4is 1 1 .1 a (^JLc 2lblii 2_iLa-"i ..I :Major Beds 
.jILa 25 , 5 Jjrj-J £_jlj^ 2^1 i na ( _ ;r Lc jl l^Sj ji 3->Ljj :Mesoramps 
ctLajj/l^j i_ijiSLILi «Clay Peak 'LijJa 4-*3» (jc Lulj Q^j^-jJ^j^JI CjJLxjjj 
J-L^a3ej ^jySLlj 4 ijr ILjLll ^jy^l * mi^M Liiull I (j^Lsl I ^ 1 . (j^/ ( La L>. d * ("it 

w * - .' ^ (j-Lre-i.ll ^JLa-" i ii U (JLj-uJ 4jLfl CjLajUU J-°l-jjjJI 

^ jj-" i ii U <_J Ujj (jjjjtll j-o ^tjjUII Jl^->«JI ^jLa^Lni.! ij^jliil 

. 4_LjJL>a Cj I j I i ii a 4-dlt3ejq Cj Loj-a Jl j J 
Plausibility ^1 i .i-r~ii ..VI CjL>.jJi (_il i n^ej J-oLij^JI LiJjJlC J i a sej (_ylll 

JSLt Lajjj 2 i ujSj-!l ^^^lLlLII cjLcj^u>J.j i2jj!jjJI c^o 21\u JSL! Measures 
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tJ cl..k.oUI »ISUI 



(jlr (^yfl ^Jij-" mXI (_£jJ ilLiu ^Llaj i JJ"- i-oJI (j-o 

i4jLs»h Pi ml 

CjLjLljJ! £_o 4_j.a-i.ajJ I d Laj U U ^JLa-" i n"t (__— tl 4_jj__l! (J_uo ( _ 3 Jj 

..8 3Jl_._3 
-_Jl_L5> c____L_-* lit 

5 1 m,V 5lJjjJ1 40API ^ o** 1 • *«V1 _LL_ili__I1 . a j 

. 1 J->. /J-U-Lla 




jLlLmj (jIjLjxa . 1-. iUi." 4-17 (JSLiIu 
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J£LI (jl < ii T-'i.nVI ^L>-J-> J-a iVUivl >£Vl j^ri^tl £l$itj iAjll -I 

.S^IjjJ! jlJI ^ Si^Jl! J^JI -2 

<LaJj-3 ^-jLliJl £JLA <jl t-JjL?e_i]! >.**(**( il I JL3j i^c-*-u I 5_iL*_)l (jy^- j-^AJ ^LaL^ 

cLjJLiLa LfljijJa CjIjI i ii tl J j-r i n" Lfllla ( _ ;r 3 j&ij (jy^II <_Sj|j_laJI (jj£j V 
yLtaj-VI l_JaU (jl (jSLa-i L«£ ' r I taj. VI (j-a jjLLlII ^Laj I a \°i 4j| 4j*_lLl!Ij 1 1 JljI 

(jX SjL>.|j jjLaJj (j| (j^L«J jl Ijj- Ir^lll Ljl k l"l ■=! jl If (^ I Lt3j| 

Jila LITHO jJL»jj tfj I I J S i »t jjlJLa i c ( _ ;r 3 (Jja- i uJ lilljjj (_,! ir-iVl 

tjjJLLlI ^tJJ! ^yic J£l M.U jjt 

|jl tdtjjj * */ 1 00 La LjJI J-^ajij (jl I Jul ct^-^j V - I 

ClLaj I < U J 'I i a a (jLa 'La I g^ic J-ajJU (_^J-JI CjLiLj-lJI I Laj. Cn* 

^jjs-^I Cj Laj U 1 1 j 'I i a a (jLa i La 4j*_uj I gglc JUijju (jJ-II CjLiLcJI (_£jj>.VI 

tLse-Lajl ^1 h-L^' J^Lj (^yJl J-LajjJ! ( _ ;r 3 JLcLcuj 
(jj^JJ-U <Lse-ije-LaJI 4j*_uJJI (jjSiji iCjIjIjJa Vl (jjj Ij-jj^ ^ Jii>-" i nj -2 

. ( d * i a I ^-jLlj j ^Jl 5 (j_a £-a^>- (J-t-aL>> L^_La 

mLJUm (ctAAMrttt JLm UUc 

(jj Ji^Lu-a (jj (jlJL7e_o ( _ ;r 3 3jLl>J! 4ji£.LaI! jj-ojij LjJ (jl i n>1 1 nVI 

(>JL>J.I ^yfl 5-ajir"i,iU 3_JVjCLu/VI l!jLlUjl!I (jl i5l2j2^J| iLp^ljj-^tl j 

I-^jJI (_U^3jj1I jjLLlII (jjSij (jOjL>JI (_ ;r 3 (jl (_ ;r ULAJ LaLaj 4-^-1 1 n"i« 
i^JLufe a i^^LUsI 4jj jV a CjLlL^cj CjL^a j ■-" 1 1 J_iiG l-J LajJj d ^J* '*"' S^LtJI 
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bjljjaJ 1 9 pgJLaJI y^a SjjitII pbjJI 



3_jj_a jjl djLaj lull li] j~ u. U &| jJti-uV! SJLa. 

^LaJj i , Utl 2JL>. (jiajj-cil ijj^ajje uij ^1 Jj^sjjJI ^\ gill <_3JL^JI (jjSLj 

Pattern JLSLiVl j^-Lc >-a> *~i TU Vjt 3_j_«-3jJI 2l>JLj_U ajj ^>KJI 
I 3_>JL«_a dlta Jjlj ^oljtj iS^aUaU (Jr!^- 5 ^ 1 ~" J kr" " (recognition 

4-UjJLl jj ' gall (Jl^> m'V 4_aLc 3-3jJt_a ^\-ua ^JLa-" i n" ijr lll 4jlj-aj JjjJaj ' ^-^jtl 

JijIj JJ-iJ 4_uLu_ut 4jj-ajJI Cj Lq^ Lt o It (j^^-i l_o*^J^_j_>J1 
. Igj'q jJalll < _ y jJ1 3-J.Sj-iiJI .^.11 £j Jj jLa^b Jj^JJ 4jJ JulII 

'<LjSI ' eaa-VI CjWjJI ajj ^ ta «"' jJaJs i(_£j_taj (JjjLj/I I J^J i^jlliJI ( _ ;r 3 

|jl» : Jim lil (_g jJI jjxkil Su^IjjII SjjjJI (jl_o-Vl ». , Ir- I ^ J!Uj Lg-SDj 
I jL«i 10 + j I Q-ij^-i ^jl^pj cjljLmJI l! =l2j (j " «" (jl dJLLo <_ala 

J j^j II ^Ja-tU L_LU2^>_C jlJ^o_i_j*J I pi S-u taj 1 1 '"'j ' L^aJ JL^J 

U a J * '""'^ ^-^-'jj - " (JL»cVl (Jj^s-I CjLLialaj dJLjjt LJLs-j ' 2 -i j ta c 

iS_JUI jJaLjJ.1 cjL^uJ dJjJjJI (^Sj lijjjjJI Lls-^J^^lJI i4jJUI 
3_o.l_Lll ,j-a L>.L>j ^alj^II < la C fj 1 1 . .Cj^i^LLlI JJoLj/i 2\L.^.t J^'tl 

4_^j-jIu L^IuJL^-**( i nl ^jy^-II ^_alj-AJI «Lc^_4^?E-o I il ut ^i-l i _ ;r A ^jVt ^j^>- ^J^-^l 

cjLo-t-al ^jjjLl^J xcon ^_aLjj-j RI^_aLjj-i ^Jii-a ol 1 1 oLs&l! (JLLiJtj^ 

.oLt.L.LU SjlcL,.^ XSEL ^oUjjj VAX Jl SJ^>.i 
*L^jJI 4^j-<i £-a ELF-aquitaine 2 j ■ ■■ \j * tl A II c^j" uil jl^j 
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Sj_lj_>J! 2 -i la jVl ju>.| <jj-^ Teknowledge 3_lS_jj_o^/I w c I i_la_i aVI 

J j i i"i (jjjl—jJLl <JLLiJt_i.} ^-olj-jj ui a ^_o1j-j *l_u ijr 3 CII 4^j-tli 

w 'a 3 aJlieXi oJ I 2«* I * i all 2 I f«ia-lll I - I 7 Jj Jl>- ^jIjcjj 
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1-17 Jy. 



Feigenbaum (1) DENDRAL ^sLk* oLjLj ^i; 

Buchanan (3) META-DENDRAL (lJ ^U;) ^ 

Wipke (17) SECS ^y^s-^Sj 

Gelemter ( 18) SYNCHEM ^o/; 

Bundy (19) MECHO isCjISL. JsL_ J=- 

Brown (20) SOPHIE v'Lj*£ii jitjjjl 

Dincbas(21) PEACE sjv,_ rf S3i yiyji jj* 

Brown (22) EL olJj^O 

Novae (23) ^tSL. 

Langley (24) BACON ^iiji ju^Ti 

Bennett (25) SACON aljUUjli. 

Duda (9) PROSPECTOR j.uli ^ 

Bonnet (13, 14) LITHO J Jj2! 

Davies ( 15) DIPMETER ADVISOR 

Hollander (26) DRILLING ADVISOR J Jis 

Lenat (28) AM -_*U. .JU^I 

Moses ( 4) MACSYMA . . J>i£ o^IjU. 

Hcses ( 6) REDUCE . . y£s oV^ 

Lauriere ( 7> SNARK/INTEGRATION 

McDermott (29) RI, XSEL, XCON VAX ^ 

Bennett (30) DART f lMtl 

Barstow(31) PECOS Hji 

Manna (32) DEDALUS ^ ^ 

Green (33) PSI -.1^ s,b 

Rich (34) PROGRAMMERS APPRENTICE ^ ,L, 

Blazer (35) SAFE ^.Ij ,b 

Descotte (36) GARI ^L^ii , Jiii j bjU^-i 

Nii (27) HASP/SIAP ^\jcf a4u. 
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4* id* 

JjLjii! (J^L>.j CjLiL>.J ^alj^JI aJJt (j -1 1 aluj . 4-jL«J! 

-(J^l uA,\ SjjJUl (_>^utJ L^-I J-olj-jJI tfJUk J , ",-,'aij 

4jJT I -i j a J i ■■" 4^j-«l! SJlcLs J i ajj V 

j_o!j_i «l_b J i a^l IjLfli ( _ ;r 3 ^jjjLi Ij^Jj . j-aLjj-JI 
4_L^jJI j-alj-JI IJljj '2j. ulSHll p la ill jjjiSLujj 

^_oLjj-jJL1 jljV <LjI 4_Ljl_dJI 4_j_U2ij-_flJI p_ lLxIlU 
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jj7 -iJ\j 1 ^ *.'**' " cH"^ 4_j_^_jIjl1J 1 4_jj^_u1jIu_u^LI (j_uL_ut 4_j£^jJ1 ^_a1j-jJ1 

(j-tJJLalj (jj^-i * iSjujlcj I algae a CjVL*-a 

( J LLaU ^-^J ijr^ 4_4_l^23 ^-J^ ^ JL^-**i i u > (jl «G^jJt_aj t JLLaJ! Cj!jJL9 

.4jjij_ill pultlJ! 2 jUr 4-ajj-" i ,.U pjiill (_£JL>-I ■ i all profile 



I^jVI ( _ ;r 3 L. ' < nL>Jl d La i ul^J jujLuJ! j-alj-J SjLLkJ,! 4-2jjJaJI 3e bjj 

t JLLaU 4ilj_u^! 3^ ^ tt. i < uL>JI cLiioLio (^J^- (J-HJ^^ (>aj ( _pajju : Vjt 

(JjJLso (jlr j-oLij-J! SjJLS ^JijlI diljj ,jl , V.-^U 2 1'l i hVI ^Ir 4-4^ 

2aJl4Alj! 

,_p=>jji£9 <_JI laJI 2jL>.I UajJ I ij^ii 3' i4jrj-r ir^i <_JUaJI 2_iL>.l (Jlu^ I jl 

■ 2j-jt LaJI AjLj-^I 

seymour pa I-cjj-uL i . ■ T LOGO _y>-jJ 2_2jjJo LL& <_p2jjtj V l-Sj^j 

(2 I ) 

spontane ous learning-^l ?l"tl p_<JjiiL! Piaget c^-p-Lu £-fa ^pJ! 1 ' pert 

■ _JI LaU (j jl i.ntl ^UajJLi j^L*JJ (jlll 2jJLlLSjJI 

Sj^cLa ^1 jtj- " 1 ulj i2_ujij>J! l^jj-o' 2_iiljJL>. (jjijjjQJ ^''scholar jVj *C , „ 

(j! ' ■ II LaJI jl ^-oLjj^J! (jjs (JSLI (jjjjj,! (j-o 4j| j-aLij-il! \jJt ( _ ;r 3 SJljJijJ! 

i_JUaJ! puitu ^SOPHIE in ^oljj_i j»9-2j9 . jl^JI ^ SjjLI! ji-Lj 
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*LLai.| (JjJ^>o <L-u!j.S (^Jl 3j_o-V! olj ? 1 .ill ^ i.-.t jtl 4j>oI JLSj . <U 3-aJi2ll 

c_i}LLJ! ^LLai-i (j? (5) BUGGY ^loi^l j^Jii jiij .^i^LkJI 

Sjj_La_o » Ltaa. I (jl_o.Vt 1. 1 lr I ^3 Oul^ d -jSlj ui£ Vji CjJj (jyjJI 4-ul 1 n-»JI 
Sj^jjj t_iL«Ji CjjjJa JlSj . i_i^LLaJ! (_J_La (j-o 3_ajtir"i 1 nil sLajjJaJ! C-iJeTu 

^jlc fljj (^L!! cjL-^V! ^1 J^jiU WUMPUS (6) o^>^uj Jlo 

(7) WHY ^1 j L*_aLj j^lit U^.^^l oLt^H 1 j^-Vt lt^M-!! ^ IjLki^l 

(8) 

C) I_L^C_l3 V I j (j^sLi. ^JjIsjJS (jjiJjjG GUIDON ^jJljLvj 

L-i-lLLaJI ^ U*. , uj joJ -.Jjjjj 2_aLc SjlcLja }Ha 1 dl "j' a .(jj^jjjCilJ <LoL«JI 

j^^ajuj ijjjjjjG (jr^^ CjLc^-us^JJ ^J_u_4j Jjj-k 3 Q^* * cLjJLjJ! CjljJLill jc-Usjjj 



huUl U^la«rf a^^Jt n< In'tt gtljj QUi^i» 

U L»JI SbjU^u ^lLCJI J-alj^J ' fLJI JaJa-^JI 1-18 JSLi 

. 3j-o*^M CjIjj r i oil 
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(j-u A_j_Lu 4_^>.1 4_u3_fl>i (_£jj>.| 3j-o l_Lfl> Jl£^_i (j^/ ijr c1^ 

(j-*-*-l w *^"t1 jjt^"tl jl>. ( <_<-XJ 4j| j^J-J (jl 1 m 1 f (j^-Jj ^ JL^-**( I ii U 

cursor 3_JuLA!l j_Juj-a dL^tll « mouse SjLiII»j cjLo^ujJI ^Ijij-li J <Lul£Lal 

t4-UL-uiaJI CjLiil! ja^S (^ <Jl4jt-J! j n~ < hj (jl I » iU . ^ j«j LkaJI 4iil! Jjiso 

i-»J1 d o \ n (ts : (j-CLu_u_uj (j-da-llaj w ^ J ' Ij-Aj^j-JtJ 



L>J! SjjLiLAJ jajIalU! jjsIjj (jl J i a-All ! jla 3_ojJLo Lij^j ^ 

<— i^Ltall I j « i eaj t __ r ZLl 1 (JjI i ii U , ,," V 4j J_ii2jJ! j-alj-J! tfJLfli (j-a j_uSLI! 

sLscjsjjil i i in I <AJl! ^uinl! ^'"^Bip i. hi j-aLjjj ^jiaJ ' "_' V ^L5-«-3 i Lfl-majj 
r I ta a. I i aj 43jJlS (j-a jai.jJ! I f 1 J i im 4iL L^oLjjj c_<jSLj (jl 

jj^o j-j_j_>J1 ^_al_jj-jJ1 (j-^-g T u (jl Li^ . cU 4x jJLtl ^_a1j-±J1 ^5 4_t_L»_a 

^y, ,..^< Jj,^A~,tl_, S_L«i«JI t_JLLJI oIjjls jLlcVI ^ I ji-T t| Jjl i nil jlJjj 

l^Jl^II j 2 ...^tl JaLaJjl ^^Ic jLi^Qll i^JLaj i^iLjj-uaJI j (_JLIaJI «bl 

CjL«_lL«3 A-ua u ( _ ;r i^. Ij-i^ UJ^J O' S-^i '<L^3eUI liJJj (^-3 jajLilII (j^s 

j I j i a a " CjLiL>.I ? Ltac I (j-l^. 'j-iLS j_ujJI ^aLij^JI (jj-«-i (jl 
(^-L^jtll tiJJjij 4(J_>JI CjI ^la_>J LUdjLcj ' ^ ut^egJl JaLilll I L^t_u3 i4_uj-a 

.^aLjjjJI «GjjJaj L^jjjLfl^j i_JLLJI (J^. £L2jjJa jo->j-2jj 
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Infill uuuUJI 6JLU1I9J ^UkiaUl flSUl 



^Jijuj (j! ^Jaj 1 uj j«Jj 1 all jl 1 nil ( _ ;r 3 I Jb (_£ j-JI t_JliaJI aJLcLt^o - 

. (J->*J I ijr 3 4_Ll*_o 4_L>. j-a 
4_Lxjj!j_>J! ta 11 (jl-J £_«_>J! (j-Lc Ij-sLjs j_al_jj_jJI (jj^J (jl t_^*-JJ 
j-uilijj tj"Sl^ mi itl «i1j-j_>J1 jj_a 4_j_u^L?tll1 JjjjJaJI ^_oLjj-aJ1 t. l 1 nYC . 4_j_u^?ellllj 

J 0 C 4_J_a_L^ ^jU3^J L-$-sV ^J-*UI Jjjjaj d ■* < all (JjL-al! I ^"^\l ^ « 

<tcj_<_u] <Lujjjl^>Jt Jjj-t^' JLsej 1 n~j . ^ ' '^i—iia! jll dJLlj (Jla (Jlj uu.ll (Jjl*J! 
al J 1 j ta 1 ■ LoJLlcj •iSj^' ' £ l-2i>t a ^ (JjL-aJil J^. 4-ul£-al j» Jjl! jl jLso^l 

j-jHaj jl t 1 H tall ^-u^jIaj jii^ 1 Jj)jJa_) (J-a£[j (jl c-^t-i «LjLa ^_=*J1 Jj)jJaJ1 

(JSL1 <j1_«_a (5 j ~i 1 11 a ' dl * 1 j-aljj_Al LajLc I JL& J-p-*J *J . (jli-a 3j ' * ' '"^ 

.tfljjLL) (jl ^i^aj 1 * V ^_al_jj-) jl (jL_ujl 

aLuJI L_JLta_ll < 3 ■» ^yfl <^!>iu (^1 i_flLuu£lj iSjljLDI jl 3 U 1 1 - I taj»Vl 

>lajj • dUai-Vl 0 JJt Jla Lgic LuiJu ^^J! 

(j-a Jjri" 1 nj (jl ^jtVi 1 uJ ^ J a 

j^jj 3-Lui-Lu; (J-Sl 1 ,1 U lJJ^vJ J^- (_,-3 £_aLij_Jt ^J^iZ-l^I liLa 2 a 1 ~ x a 

jj* «5 ^ !iLt» J! (_g^L«JI (jj^ <__ M <__ ' J-"- 0 '"'^"^-^'"""^l 
iJ3 _s i ^ r jl_iiJ1 (J I j 1 nil (jj-"tj La_u-i • « I (j^ * il (j^- 1 I 1 (jV 

3 1 1 11" (j_a VjLj «£» «t_ IB (JjG ! jLt (jl JjjJ i_JliaJI (jl l. i Ir VI 

a j j ... A" s I I (_3j|jJaJI oJLA 'j^J- Ljjj/l_La (jjSLj jjj .^jLlill jaLj/ 

.jjIjj JSLJu cjLcjjsj>J,I Jilaj ti^p- «Ven diagrams (j\a» cjLajjj/j J*C A 



JLaJLj (jl '--tJS.J (_gjJI V i"i II J-A j_aLijjJ! 0 1 r-i j (_gjJI (jjjjjJil (jl 
«S3jL>.V! (j^. 2LjJ, L-JUaJI r 1 ta c V (_ujiLiil oja$J! JJfc La» Jla v^jljlj^ 
SJlC.1 1 11 qllj « S LtajJ I jlj <i" 1 11VL1 <_JI tall ^1 <i 1 nil (jSLa-i i_JJta (_gi ^1 »j| 
jjjjI (j-uL^ 4_u_oAlJI CjLjjJa-JI jj-a S dj 1 --^l ^j^La-l tj^l uiXI £JLA (Jla 

■ l-.inUJI SjjU-a-s (<ui«aJI ijja fJr £.\ :U,^VI s KjJI a|jL=eluil vllLtjV 
^Ji^_a_j < JLIaJl (j-A^i JL>.^j c\_j| 3Jj-iH I J fibtjLUI fiL»_uaj-flJI (jj 



2J7 



JJUa_o) ^j-tiJLv <-ilj I ( ii ( _ ;r j-*£J .4^>.Ijj (jr^' iffl uiXI 3JjLa-a 

^paljU^I UjU jjtj i^jjjill! oJJjeJ terministic behavior , Hp-. _, II Ult (| ^1 , „ 
i L^jl i iT^I i_JLLaJI (jj^I' CjljjJilJ ^jjjj-Ll! jjjjj jJi! (JTjJJ • Jja-mjja 

^-Ic. j-La-J <l .jj-ujjJClII 4_ijt_u!jILi_o! «Lo*^Il! ^ jLa-"i i n \ ^ji ^SLs-i Lx-a 

Arguments jjjljJ! J*C ui3 i_JLLaJ! oljjJLi 2 La yj t 1 (<uil! ^La lOLa^Ld! 

V i^jJI J i_JLLaJI c j— (bis jJI ^jjjjii! Vi>^ t_JLLaJI oljj-il 

p U"j tl)' ^>^-^ w -J ^ ' " ^ ^ j *^ ^j**m 4-Lq-L Ltr J 1 4jj-La_LJ! ^j-La3j 
Jjj^s^JJ (jiLaJJI I gale ^j-Lu 4j.jLi.jl SjlcLja 24 w La « j jj'a i Cellins j_LJj^ 

(^) (jjijjJL! £f\-l j_al_jj_jj! ^1 JLy "i i nLl £jljj>.l (jixJ (jr^'j-^' j'j-^ (J^-° 
.(Jljjj/ Jju (jjjlj^l jj-tj 4jjj/Uil SjLcLill g. i taJ j c_JLLaJlj 

SISLjjjsI J I o i" i jj^l <j^i 
(4a^to SJU. JL-u! : ISjlcII) 

) ^JLlA liU : f 

.((Jjj>.V! JaJI JjsI^jlII ^jjlajjj LUa^LLa Vl!la i Lac I : 6 SjLcLja) 



238 



Infill uuuUJI 6JLU1I9J ^UkiaUl c&kll 



jjVI 4_c!jj j»JL«J 1 1 1 11 JL>._j-j (j-SUj ij-j-Sj «La <_i!LL& : Jo 

5 oWW 6^ '^^a 'O- 3 ! •(» 

(4jj^_j_u3 j^c JjsIjjlI! (j^-pJ I ^ 1 a " ^Jij-" 1 ill '. 8 3 JLcLa) 

jJI ! 

tJL^- 1 ( - >-o^LLa (J^-* *-^ tJ ^ '^^JJLJ Jt^- cJ-°^ jJ-*-^' -^"l 1 j * q . aj 
.((3JUJI j Jla ^ 43>L«JI ^jju V I ill JL-J j t 3 1 ,i<L«.a 5U-l3 JjsUJI I j^J 
jj^a >Li,l j^tjjj» £_<p (j-o CjLa^Lc (jjs j-aLij-il! IjLijJ <t3jjtl! 3ji£.La (jjSLuj 
i Jj-jj c. i-o* i«U_ujLjJ1 ^Jl ^LjjJI ^J* a i ' ' Ioj 1 1 ^I^JI flj ' j jcj ^_La_*_o 
jj-C ^-aLjj-JI 1 JLA (JlLa Laj . «^Jj jl_La_at ^J'C mi ijr 5 <Qj ^Joj JaJL_uJJ 

^3 J 'ii Q^a U^>- Ci 1 .1 j I 3jLj_jlJ1 (JiLa ^jt 2 t, LtlflgJl ^jJjLLII ^_o1j-j 

. j^Lij-jJ! J)^>.j_tl ^VjJI JjiujjJI (j-a ^ Lalaej 1 ■■ a I j IS[ Ij id 1 n"t 

- - (12) 

3 1 .1 u2X\ West <LutU Brown ujb.'J iR " rfnn uj"j J.' ' ' w 

^ d^jilJI tfjufcj .«S*LLJI s Lki-Vl» 2-jjJil! IjSjjU"i Vila (l3) PLATO <>a 



^o. ^aJ^ijj/j (j1_iL»!i L$J g 'j La gill i *-*^J ^ JLjr" 1 ""1 i_4jtil! (j-a 

(_j-ajJJ i3j_il jJI j*J flail jJjJ 3 -!' j LCtk] jLitjIj jjjLjSJ! ^_j^jJ! Liixi 

LaJLir" 1 11 a 4J ^L>>J «L2jjJo mJLi ^L3jV| ^-ojcjj ^'j-a '^-i J-^j-^W S- 1 ^-^ 
(jAjJj . I j a J ^"j 1 ■■ (_5J.II '-«ljU^.tl jjjLc jj^jJ 3jJ)L«J! 4-ul 1 11 -»JI CjLlUjlI! 
J)L*j! ^^j* 2 K uiXlj 'j^j-> LaJI jLlo-VI jjfc j-j^^/I J)JL»J! OJ^J jl Sj^j-UaJLi 
i3_miJ! tfjuj. ^ j-iai. j-aLij-J! (ji ^Jl S^LUs'^Lij . 4_mJ ^ JlaVl J) JLoJt 
cLa_3^_a 4^jj>. 1 ^ ^"Cl 1 q K «^ 4 ^_al_A 4_ui_lLlj 4_tjt_u 1 j-u-u I jj) Ll^-i! 

(^^-Lpj 1 4- L q- i - Lt j Lip^SLl IjJojj .S^LLlI! f. Ltaj- V i * >."m 0 1 11 Ijl^Jj i^-jjjGJLi 

i_4£.^U! crV Sj-^ 'ft Qi^J La ^1 (Ji- JdJI (» lXc (jLi-a pUU 

i_JLtaJ! ^i>aj j tj ~ 5jj k'> / l4 ^Goldstein j Carrjl^ i!jL*_Lu/l jL9j 



2J9 



LgJ LaJ jTj i2jlaLiJI Jlc!j2JI 
n_iJLla.ll I golajj ( _ 3 —tl 4_UU>JI 4jL>.VI qjloj p J * " SJlcLs ■ " i ta c I I jl (_^i>- 
• ^j^x-i (j-a 1 la **• II 3ji£.L_t| i>J-A (jl Jj aaJ. I ^l"m i i.Vl (jjSLj 

.3jLc__! i all ^ «j i all (j^ijjjG (j^Lxj 4_JL>JI tfJLA e>A9 i<—Jli— II 

JjLlj g. j LaJ} ■ ■■" Vj <LIa-i-i_J 4_La_ilCJl CjLjjJiill eJJt — Jlj Laj 

CjLiJfc_u1j~i_uVl jj taj (Jjvlj-a (j_a 4Ln.j-x (JlLs-l L#jI VI it—clSljJLl ^ujjv 
Cjl_j_iLSLal i" i ill (jl i*l i"iVj . <_ i i iil_>JI ^ ta i ul jj jjjijjjGJI j_<I/LlU 
(j£. oLjj la III oJLA ij^— (j-° J-^'j J 1 a a 1 (_)*•> uU (<u JL3 4-<l£.__!l i- 1 1 iiL>JI 
I j_ij^Lj (jl (JL>J,I I J_a <j-\_>.LlJI t_^*Jj . <bi ulSllI (jjijjjGJI 

(j^-Jj (jjjjJI ^j-UsjJ. ^ n 1 1 tl JI_>J,I (j-tj ^.UsIjJI — J jlj i" i iiLi (j-iclj 

.(J-uJjJlHU CjLjJ^_uljIL<_uVI 



II getjJt cf* tf^* 

(jj *C i (jl *j Jj l— J Lj (j ii j l» j_A sj»j>JI lj_A 4_jJLc (^_Llj (_£J-1I ij— II (jl 
(^jj>.| <LiLjjJaj LilJ j (j_, j-AJtj (jl (jSLx-ij .« Ltiajl jLLs-a (jjjjJLa jLLs_U j-u_>J! 

» )Lu_oi (j^ajjj 44_Ll*_o 3Jl i ii a (J^. 4_lo_j^ ^j_uj (j? Lo ^-aLjj-aJ (j^-4-i 4j| 

3jjj_i_JLi i_L)j (j-uu V (j^J ' ^J^- V^-J CjLi^Ij^VI (j-a ^ j^jj^a j Llo. I 
(j If SjJLaJLa .JjJI ^yfl d'sliii LgjJI (jjjJaJI LiiLu I ^-j 'm q] (jSUj 4jI 
(J-Lt-a^jJI (j_o j^l 4j>.j^ ' 1 1 Lajj (J->»JI 4-aJL^-"l i n U CjLiJt_uljIIj_uVI ^J-^u 
J^JI (jJI Jj^sjlII (jSUj ^i) Lgj! j JjJI 4ji«j(J 4jjjjj^> i.-. i njl 43jj>II 
I '' j t i i<ilj Vlila jjsIj^JI compiling 3_«^>jJJ 2 jUr Jil^jj . (L^jLi^. ^ 
u \ r «G«.lj^ I jl>. L-o-LaJI (jjs (jjSLj compiled program (<s^>.jJLl.l ^aLij^ILa 
.StLflSLII (jjj lji^>- '^Jl-^ S ^*-J-^ (jr^ UJ^d <j-° t*A>^' 
(JjJLcjJLI modular structure j j^j-lJI »l i j II (jl (^i^. j»Lc tiiLlaj 
(jl VI . tjj i jJ^jj/Ij i L>.jjJsj J-"^l J-°^J-^ £ LjJVjGjj/VI CjLlL«j(JI (Jjt^cJ 
v2jI jJajJI Jiij j-°lj_JI pJajjs (jl MjI^ dil j (ji^- ^ W. clancey, Ur ^'^ 



infill uuuUJI 6JLU1I9J ^UkiaUl flSUl 



.fuLoJ! JjJa '-'^.'N cr^ SjjJ^- tSlaf "U.^VI dKjJ! 3_ii2j ^lij 

3j_uiJI < la III j^l jUj (jl JLi^ia isLi^sj-iJI oJLA jo-uJb (jl LJ (jl^ lilj 
^3 ^L^t_u ^JLa-**< i n't cfli_i£fc_l JLp* (JSLiliJ ^ f "\ (jlj JLlV Lj^ t^- j - LtT jl 
i^JLujJIj ^h-lL*IU! CjLjJaj jLjIo-V 4_j^jaj SjLi^. 3l.il 1. 1 1 nL>Jlj . 4-Lt^-iiCjl 

iJJUfc ^jLsriMi" c pJ! j^olj-iil (jSUfJ • p ^Liil^ jLi>.V ilUj^j i5_itL>Jl1 
^^-^j—jJjljJ 1 ^ajJi ^jJo^-C JjL?e_a jj-* i Ld^aSLdJ Cj\ jh^* j • " (Jl JjJ"^ 1 ^ 

. 5 1 1 ijl^tl ^_jJ_jl111 ^_o1jj ^3 CjJl^s_i Li£^ 0-3 jJI p la-t ^ t_u-*jL>Jl cLiiLtfu 
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"oLteti -&>\*& 



3_3jj(_U (jjij^jc-a Cll i i nL>Jlj CjLjlj-j->JI j j uuJI 
. 4jj£_iJ| j<i^3lja^j ja^jljL^a (jjij^iajj 'fS-&JjJ 

^ jjmJ Ji^L^ (l Checkers 



(2) 



waterman 



^oJ La 5^1 a£[ 1 p 1 * "itl *^jT^". , ,. » ^ i. 1 1 nL>J1 ^aLj^-j 
I iut 4-Lbt-J! -i^g^JI .-,,^.al ~ jLSj . L^jI , ,i"i<V 

S«Lo£j L^-»jej>. jljij! jl3 <LJL>J! i. 1 1 .iLjJI j-oIjj 

(jIojJLlI I JL^J I- I I llL>JLl 4jl t'l I llVl ClTl Ir^llj i LjJJJ 



21s 



tJ cljk.oUI .ISiJI 



U I c (_gj La Lj I JLgJj ijsJlsQII LjjIu-uji ^ Jr L&\X\ ( _ ;r 3 j p aj ^ U"itl (jL^ Jl3j 
o>j Sjjjtil Sj's rill ji SjutLtil! parameters Cj^LaUJ.1 pjrit j a" i ..U <_uj_2i!l 

JJIJ— a £_a ^ ■ ' aa 1 ^ a J U"t ^_aljju ^JjiaJ ijr II ^uJ_lU I Jut L_3JuJ_]J . <u_uljjj| 

JjVl £_o-i-JI ^j? .^pattern clas sification and recognition -cIi^LlSLJuIJI 

jj-a t^lj^r" < nl (^5-1^ Lajlj) JLali£.lj "° * Lljjjlc <■ < < nL>J1 aLu ^_alj»J jj- 0 

ju-La_UI 3JT jujjuj . polynomial function j>jjl>JI 3j> jlkIa 3 lijUj iSLL-udl 3J!uVI 
<t_i! VI . dJJjd Ijul>. Vila ^Rosenblatt ili>l .< perceptron 0 «~1 -<^>tl 

(jl£j /^Simon " J 1 " ^ i^jl Laj£ gujJLlI ! jut jj i a a ~ i aj| La (jLcj_uj 
jjljJLj 1Jlj_i ^jull ^—aLjtj-aJ! ^jt jut tiUj (j-* ^j^ - ""**' mXI ijr J-uLi_o^! (j-ujjJI 
. Juijj. *l-il i ill (_Luaj (jl (jSLaj V 4jJjI 3j3ju(_a 

i^jjiaJ! i>L>oVt ! jut ^ I ;U ^L^jJ! ^ ,«Jj<i]I ^ j 3 * " ju_bl j^sj 

CjLa^Lc (j-Lc 3j_«_L«_a 3_jj_aj 4_<-L] (:Lu J^s-i i—U^e-JI 4jo!j tCll m~i i nil ( _ ;r 3 

Edward Feigenbaum ^LlijcjLa jjl jj>V ^EPAM j»Lul j-aljjj juujljj irojutLUI 
(jH-J CliLa^LnJI 3u-ulj jl! discriminating network j_j_i_aj 3 £ i ui ^jj-" i ..I (_g jJI 
g j I a (j^J liJJj) (ji^- Vl-ua-(. Jja jujla i_jjC jta a >■ 1 1 J jalr»J! ujjLjo ( _ ;r 3 jJouzll 
L^jJI La-lj (jH-I' *JrP*^ 4Lu-uoJI juujlj Cj^LaLtllj j-ul tail ^LjIlU j<uailJ! 

aJsaJI til!j) ^ j^j-y (<s-l 4jI VI .SjjjsjJI 3_u_JI £ya LlUJ! oLj" i nil *iU"t 

SjUj>J! p U"i 1 1 jjslj-l JLcLcuJ (_gjJ! J-a^l i3^jjii! (_LlL4J 'Lloj^ (_^C i_3^T (0^3 
^1 a" itVI I j-^J 3^c_jlijj . JjJl>JI JajJI ! jut tfL>ol (^yfl jjU",tl ^Ir 

.(jjJjVl 3^ujj=jJI cjVjUJ.! jjj (jycl lla-LoVI «L^jJ! j-i!jj> ^UsjILi 

(^jLo_>J1 inn ^Jja- i h 1 (Jj t4-Q>.laZu nl CjIjJlS Lot ^.aLjjjJI < 1 1 taj 1 V 
(jja J)L_L«_ll ujj I i ii^f I jut Ijutj i (j-J-J " "' _jl L^ii- :>, - 1 OJ- 5 3jJJ->^l 4l!laVlj 

. <l^t_ajuJI 



ill 



plsOJU oJLjLoJI gol jjJI 



t _3_jl_S_>J1 * i 1 «L>.jJu gL^jLtTu-a 3 Ju Jo. Jpl ^-oLjj-jJI ^ 5 1**" 

(^SLia .4J SLLjiII SjjljJ.! SJlaVl ,jjs SjsUJI jlcIj2JI ^aLjj_JI i La j a ■ iU 

d l"t at d J La * * t Lil Leaj> »^ ui tl ^j^SLi ^jt 4_j_aLL ^LjlI! iJJ _utX1 ^-aLj^-JI p Lt i 
(j_a ^ i ii j i_d_Jj ^1 VI id j j I i ii sdfLol ajl La^l jj_UaJ ! (j- 0 (J-"^J 

4jjJ 3 i^iljJI 4_3jj(_U jjjjjsjCLl j-aLij-J! -\J"/ a i^l"i"n nVl 3jji^ 
.3jjjL>- ,_jjLi>.j (j-ul^jjs Lflla aalscj ■ JoLxjVI i— a I m'i^V 3JjL»-a (^yi 
^jLail 'J ' aaAJI 1 JLA ijr 3 ■ La ^ a Lall ( _pajjt_i l_S^j_uj 

Michalski, Cubonell and J j ulIj aj J_Ljj_ijL^j ( ^ r £L^_JLitj_a (^Jl 

.o^lcj 3jj£j-U fslull! *Lfl^ <1>^ tliLajUa ^Ic Jj-i^ajel! ^Mitchell 

two-space mod-tj-^-l ' ^j^jj>j-4jiL«JI-jai»lII ^ jLxj <j-V (^-(jloj «JLm 
- 19 JSLJu j-Ualj Li^j . Simon and Lea (jj^iLuu «U-Uaj (_g jJI ^j^sl 




Sli.ty J*iU j^LJl ^iji 1-19 JSCi 
aj frflja p I +**M ( _^1_>J1 dJJ!i i ^ r L Lij^dj-u^ L^-a JLa-"i infiii (jy^I^ «UiLaVI jj-oj 
^j" 3 * (3ljj' (J " 0 l£' Or~'~*" J L^ 4 -*-^ c Ll*J flush 'i^j"j 1 all)) 

(J-° <J'JJ^' C^jI^ »lj i n'q ijl j"r VI ( _ ;r 3 (Ji.jG V I j . ..A i ei ui a ill (jl Lj£ 

iJaJI 2 a i all <j£Jj ir<s-&J V hearts i_jj12JI j) spades < •< xll <LiJij 



.The example space <U«6<i f 4*1* 

4_jJL_>JI 3j_jj>JI filiiLaVI ^1 Jl?-**( i nl ^vLiJI p I «**( tl ^ n i nl fUb] ^ya {j\ 

f^-J-AI a o H 3j-u3_U J-al^jtJI Jl»_i (ji ^-oLjj-jJI ^ilaj i « ^jl ^_a_aJI 
[S-C.J jjl t-j^c-J Jj^><-!I I *>" 1 1 J^Ljj-J o' f-^JJ • * 6 " ' o' C"*"^ 

C< ...jt <jVI 4^-WI iUiSlJI (j! VI .aIU.1I SJiaV! (^a r-IU^Vl (j^jtJ .Ja^-j 
d i i n i II— i j . ^^"i i nt I I JJt ijr II J-t-^s ^UlLi ^ tj i gj iJ ^jJI (j-* 3 «L>.j J 

Mila ace (jjjT ^>l JLir" i »l 3_cSL>JI (JjijJ 4jLs ij-ujilll 



piajJJ oJLjLoJI gol jjJI 



dajejj JL9 4jL^ ^ju/jlAJl ^ a rt r" < a \ (j\ «G_*i^_a flush ^yj^xail <JLu-a 

(j^ er^LiJI ^LlIL-uV! ^JI-lj-diLa jjL£ ^I-Jj^sjlj j jljJaV! !j-fl> 

2 ^Jj 5 tj j , ,. tl ^jjQj c-t-ujlu fiQliLal w Laj « J_j_>J1 (jjjjjJLLs 

.The rule space *f f$iUf 4ft U 

p 1 * **< 1 1 4jj-A^>. 4_lLjX. <L«L*J! (j^-^^-^-Hj ^'.i L-lJL t t _^a^Lir**< ( nl j-jHajj 

iaLbVLi iIjjL-u jj^J (jl!! ' ailjJll j-j-«^>- ^ LjjL^ (!) jjL£ 

.CjL>.1jJ ^LumSLII p < <i°\ d ilia £^ujj>. -I 

.cjL>.Ijj (s-^jJ-I ^jUtl 5-j1^ 3 ilU j-i-*^ "2 
.oLvljj ^a^JjJ 5 ,IUtl (i2) 
Ijj (<^jJ-I «.Ljj^LflJ! f-u±2 4_lLU j-j-«^>- (i I) 

.CjL>-!jJ ja^jjj 4j<-aL>JI 4-lLU £-j-«^>- (' ' I) 
4cL«->JI -SJL»-J (_gjJ! (j a i a j II *L>-L>. dJLifli Jijij j«J 4j! ~ i alu Liflij 

tjLa till!} ijr JI 4aLua^Lij 4 1 La3> ^_uytHJ1 (J^-^-i (jt La-ila (2>^-4-iJ 
jj-a 1 JLlSjlS JJ -4-3 i '- 1 - 0 J Ct^" tjj'J ^ Ct^* - ^ 4 ^J-tliiJ I JL>. ^ La i < ^ 

i(_ ' i n^-*^ 3jujl>J1 (^ulj^Jlj jlcIj^JI Jol i m t nl LjJlcL_uj V L^j^/ ij-jii£Li 

. LcL3j-»_a L^j (JluiJ (^yli-II 4_j_t_J1 (j-* J-^-*-^ cJ^ 

4_p.Ll!l jj-c Smith cm o < 4_ajLa j^I ■ t*.U^ ^ dJLLAj 

4 (J_ufuILtX LEX %ll 

ijlljVl i(4jla^l j Jill mxil) «L2llVI :oL)jSLa Sjjj! (j-a jjsLjj_J! I JL* cJJtljj 



tJ cljk.oUI .ISiJI 




(10) LEX j pLdi t b2- 19jsLi 

. p I ***< I lj i j 5gJ 1 

La «La^-t (J-a^. dala3> 3-I J I * La t_£i3 j_a gagie ■"■**' 1 J I iC-utlll ^jL>.j <■ <*H 
(jJI ^Llitja 1 1 Jljj>. (j-a-J Oata! (j! CJ-b^' Vlj . -SJL*-a t_3J-4> ol j 

ijjbojJk! a 1.5 VI 1 11 <u ( _ 7 -L«-aJI a I .J VI (jjLoj (_g jjl QaSLU j«ua-2jjl .(j^ ' """-i 
jc-l (jL£ lj! La (j-Lcj i3_jjLSJll aJ-ib 3Js.i w I C Ll-J-Lj p It" tl JLajJlJj 
O^."" '"'"'^ ^-*^>^ c?"^ ^CJJ-SoJI Jl^jjjljj . jo-Usjj 4j9Ju ^jboli-U aljVI JjJi^j 
3ji>ijJ.I 3JL>JI ^JL2jj £^L*JI 4jJIjl3 (2^C CjUaa-^La ^Ir ^LLa La (_p=J-t 

. I JJt (j-a I _o£. JL3 (j^'-^' Cr^J^"' 0"° SjLJjLC CjVL>J 

j«-la-2jjl (ja^La L#J ^La (_^<JI 4jjLai! JjLij ^ jJx-~ 1 n_l (_g jJI QaSLtl U"ll 
jLL»o dUjllj 1 4 j 1 1 J-£^ J-jLLl!I SJj'i 1 11 a aljVI CjLoSLa JUJLajJ 
CjLjJI 4_Cj_aj*_a (j_a jl 4_3jj<Ji.I SJlcLs ,j-a ojufc QaS^J (jl (jSLajj 'J-^J-*-^ 
jj-a La j^>- ( _ ;r 3 a I jVI (j< 1 n-»o (jx. JJ-y (jl ^tjjUtl (j-aj • ii U i U JVjCLjiV! 
(jl J-l>J! ^iU"itl ijaSH <j1-«JJ I J-^-Ij 'J^*"' JJ-*^ Cr^ J" 1 ' 2-°^J-^' 

j»Ltll aLVI (jf J^LIjJ L$L>o! k^J^LjJjtlll 3 M~i^a olj^S ^ <~i 1 11J 

JS^^aLj-tiJ 

JJ ' ^* d)^- 4 - 1 (1>^J i^JjtjlI (jjiitll ^jLllJI J) j S sell 1 c_i_ujILj ^_aLjj-jJl 4jr !l 



plsOJU oJLjLoJI gol jjJI 



Hi- VI 

.aI jiisloj/V! 4jt5LiJ! ja-Lg-tTJI tjV! (Jjl u i i uj . jjjiiil! jj^*-"^ 

: » j conjunction J i^ji] 2 ^ S U ; 1 1 2Ja}L«J! j_ijj(iL! «&» Ajlir" mlm 

. I ^ ^ ' aj g^XI * i aI < i :> : i 

i_i_jjj>j <_sjl& 3j ^ ~" ' c^J^' SjLcLill ^.Usjj .j-JulLi ouljiiJ! JIjljjjj/I 

i^ljjt n tj -»J 5j - I j I «j ■ **' c I .j-£^_lJ1 ijr 3 ^j".jlAtl ^ a a 

( _ ;r 3 (j<Jj.gje-a^ 4jjjJ!j «L<iiiiI! Lt^^cj 

.(Clubs ^1 j < .iVlj Diamond S-^UJj Hearts i_j j I ri 11 
K_uLi i jJj 10-2) dilj£j (3 m^j. ^yjtl j S^jjJI jji (j-uu (5 ii j) 4j3j 

&(t_)i4 j) cLuuLi &(t_)i3 a)4 uiaj &(t_ii2 uiSj &(>-;-!' 1 a)g> ui2 I : I Jlia 

5j)4 ui 2 i 
(5j ,4j ,3j ,2j , lj) ^i^Ii < :: 

d UliLl & (jJJJ A 3 ^ uiAJ & (jjjj 4 2 d Ul2j 4 I ^ uiAJ :2 (Jli* 

(<_>" »5j)lA3j 4 j) 

(5 j4 j 3 ,2 j, lj) Jlj& < :: 

&(xi4 j) 2 ui2j (x i3 j)3 uiSj &(x i2 j)3 uiSj &(x 1 1 j)3 uiSj : I SjlcLS 

(x 1 5j)4 ui 2 ' 
(5j ,4 j ,3j ,2j , I j) ^^li < 
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(JL> j" i ..I SjlcLS ^! jitjjj/Ljj . Jj'jj' c t^Lh < L'^L>JI Jojj_<iJI JjtLalb 

&(2 i ! j) £ Ljjj & (t— 1 jlj !j) : 3-JliLa 

&(5,2 j)3jjj &(i_j<2 
&(7 , 3 &(m' 3 j)3 i^S'i 

& (8,4 ifeCcj^ j)3 

(5j ,4j ,3j ,2j , I j) < :: 

.disjunction J i a^JI jjj-Ia j<i-<-«-«iJI 
Jj^aAll 31 J I ^Ijiicli^/Li SjLcLUI oIjLlo-I 4^LUsl (^jt 311111! 3_2jjiaJ! j 
. ^ j " j -i ^ J-*^' SjLcLill ^Jjljso 4_ojL_oJ1 4_ajj»LaJ1 (Jfi-a ^ILllj (i jt» <d ±a La * 1 1 

3_L5_aV! -lU^I /a ^juj^JI 3jj«J ^ HONOR jbjj Lj? (_p=>al 

:3JbJI 

(x) HONOR < . :(I0 *x) 3_Gj :4-Jlia 
(x) HONOR < : :(jJj ,x) -.5-Jlla 
(X) HONOR < : -.(^ <x)JL3j -.6-Jlla 
(x) HONOR < : *x) 3_Gj -.7-Jllo 

(x) HONOR ((j^l ,x) 3_Gj -.8-Jllo 
:3_JLUI 3jx.LUI d La 1 11 i a el\ ^\ Jl^-**i < uLi ^-Lq- tl J 1 ^-Lajt-i 
ix) 3_ljj (dtli ix) 3_ljj jl (jJj ix) 3_jjj jl (10 ix) 3-jjj .2 Sj-cLja 

. ((jjjlix) 4-JJJ jl (l_uLJu 

(x) (HONOR) 



LijU>.JJ 1 1 fl" i iilj J-l -i'j-^l 3^,j_«jx_a (j_a jjjjj^ Lo JlI (jl (_jiajILii! 



250 



plsOJU oJLjLoJI gol jjJI 



oLa^Ld! LLik^i ,3->U,„ll JLCiVl 4lut 3-19 S j^AJI 

w < : ••((.y^ 11 ^ 1 ' x ) 

( x ) JbM < : K 1 ^- 0 ' x ) <_£-^ 
( x ) iijj' < : ••(j r L ^" ' x ) <_£-^ 

•L2Jj\ OS 1 JJ^ x 




Winston program gftlil jri 

aj j a rt ^- i L tT u ^_oLj^>_JI <l j * aj U n**( < mi ^u-uLq J ^ * i ^ C)JH ' " '-15 

4_il_L*_i «L>.j jG_U 4JlL«^1 Ji^Jjj (jt j^)^-^-! ' 4- I 9 gj *C mi ^jj 5j La Lall 

3_oLa> 3j£La inearmiss i_ujJlJI Haiti! VliLo 3_uL\J! 5jj i^aJI w La «" L«-Lu 

, ^ j j A ^ 1 1 4_u_uLt_u^M Jajj-iUJI jj-* JaJi3 JL>.!j Jaj-ilo ^5 1 La3» (JV^ OS>" ' " 
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d jlr tj^J (jl t— t^t-i LL (^jVl d j j A ^_2_Li ' ^_al_jj-il! l_Sjjuj * mi i a 




Learning abstract structures ddjfttl Mn£I j«JI |(Jm 

i_a^j>J.I Dietrich and MichalsKi ^ *C , „ j tLSLj-aj (jiupjj j_aLjj_i lijl^j 
.4jJL>.b I4I (JLj ^^^(jll! (<uaLHI j 1 ■ *.^jt '^INDUCE (<uj/Ij 

L^L^JjVl jj£i 

-.2L JLU! Jliu>U j<i-Lajij£ ^Laj jl <j£xJ (jlllj ! JUJU>u 
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(u) (£>5b &(u)j_u£ 3 0 : l-Jlla 
(v)^jjb &(v)jjj$ & 0 

(v ,u) js^i & 

(w) (Jljjb & (w) jji ia :(y, x, w) 3 0 : 2-JLla 

(x) j-.j.a & (x) j_u£ & □ 

(y) ^ &(y)j_u£ & □ 
(y ,x) ^1 & (x, w) & 

. « Jl>.^_)» £l_L*_a 3 j-ajJ! 

(V .U) ^1 :(v <u)3 : L-Jlla 
(y.x) & (v ,u) ^yk.! .(y ,x *w) 3 : 2 l( JLu£ 

jJL^I (Jix-i i^jJI i(v ill) (j-Lcl Cj Jaj_Zu (^LjJ! Joj_JuJ! gluj i ii \ 4_Laj 

.SLLud! 4JlaVl 1 r, > V l_4_Lo 1 J_iJL?o Cj Lt^- L ta- tT j 1 

> syntactic vector: ^ jj^j^ sLalla 2 La i (Jji*lll ijjSLj j! (jSLa-ij 

<(v) J^!«(v) |W..(u) J££ <(u) 
t^bJI J< uilVi o}Lc! 3JloVl 4jL£ SjLcI L$jjj^ (jSUj (jiJIj 
GiLjSb ! j-u£ 'iJLHb < jjjS) : I '-Jlia 
(^jjjs 'j-fj^ ji ir-i) :2 ii-JllLo 

(fJ-* '^hhf^ '^hhf^) :2 >»-J^ 

^a-Ltaj*XI ^_aLjj-il! JL»_l i2 I i i ijr ILl4-J 2 i ijJLlaj I i i-jJLla 4_jjlJL4-lJ 

:(_yJllII ■ ^.^jtl ^jj^l ^usjtlll 
(* 1 j j j£ i* J (*'JJ. I< ' 'iJLh'- 5 '*) 

(v) (u) (jjpb & (v ,u) :(v *u)3 

(v) j_u^ & (u) j_u^ & (v ,u) ^yk.! :(v iu)H ^-Ja^i 

jja-I j_u£ La t-u-iZi (jrkl J-fJ^ La * ( _ 3 -<i JL>. : l _fjj>.| CjLaiSLl IjLA ( _ ;r i*jiJ 
3Jl_lj*. 2-jL>.I I J_A 0 U <j (jl (jSLaJJ -J-i^ *cr J - u LSj^b Jl>- J 

. d ^ \1 0 1 1 j LlL>. L^ ^-t-^j <J 1 j ' 
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. ^ ' 3 ^kodratoff i_3jjIj.^j£ 1 3* ■ ■ j»L9 4^jI nn lij-i-' Jl or I (_dl_L&j 

AQ 11 

j^cl j_2J| j^j^SLjJ 4jJ_Jl2jJ! Jjj La 1 1 ^^LjJ-J Ltc^-Lo *j^>JI I JL& I a ■ a ' 

I « a .JLsJ,! a La-SeJLlI (_gj_JaaJ! j_uj*JI £-a jl ^a. *Ijj>-Li «Li^.LuV! 

VI il1sVL>JI p la « a 4jr j-r ir^i CjIjIjjS t_gj Mutl j j j -sJ I iLiejl ,j-a p-^-J-II 
0j_O> !}Lis_jV J-t-a^j (jj-^-JI d j ^ ^ ^ ^> J -" Cr^ <Ujjtj-a JL^_j La 3_}Lc 4jI 
(jjj jl j"r VI ( _ ;r 3 Ltji. I £ l-'J-«-o J-i^l-*- 0 J^- 3 u 1 " '_' ^° LhA^J "— ''j'j - ^' 

. L^-JI (Jj^jjj ^Stlill Sjjs i^jU I ' Lxjj^j w la V 4j| Li^ o' 

d ; ^ , a j 1 1 CjLajU U <_y^ Lut «L>.jJaj (_gjJI JjJ->JI g J 1 1 1 Jiijiljtj 

i La ui J?J . L^-al Jii>-" ( ill (j-o p U"ll j_olj_] (jSLfl-l JSLi ( _ ;r 3 4ijjJtll 4jiLo^/l ( _ ;r 3 

aiiuVi 3_C.|_Ll^5 ^^jfc liU!} jjj?T"l 4-2jjJa 

RysZard Mi-^ < , njtLC-La -ijljjj 3Ja-mljj AQ11 £-°Lij_> iijLa^ul jlsj 

(jlalj^oVl ,J-^"- uU JLcljjs jjjlall ajir" i ill JL3j n_£_jj-<JI Sjl^Ljcj ^'^chalski 

630 i»^j ^1" ^La^jill 3JlaVl 

, ^ ^- .^.tl jjx. j-Luj ii_3jijj(Ji.l uuJIj puameter value pairs I 

JLitlj (jl LgJLa (J£LI (jj^II J-ijl Jt il (j -0 ^ i-iIL<jtj j uig 4 i ii q->. 4l<ilxJLI 

^ l5 ^j .Sic (jJl^s. 3_iSL«J,l (jlalj^Vl JJi£. ^j'j-" 
'.(jlj-JooJI j j j -»J I I ^1 Ui- 1 3jlcL2J Jli-o jj* I jufcj 
4jJiLc j-ii. 3I ' T1_g & Sj^Lc CjLiJI 1^1 
4^1 4j CjLiIII (j-i^-J & 

cLuajjl jJ^jsoj 4_ajj^/l jJaju «Qjl_t-aV CjLtlll jjla. tj^^-i (1)^1 

3 1 1 ui 1 11 pjjG 5JL^a ^1 ^VUJI j-i^i (jlJI J^: 1^211 l^I iVr>l 3 K i^i a g^aljj-JI 

O ^J"*" '"''*' ^ 4l!LaVI J-J-<t>- j la S J-«^l (Jjl (_y£ (jr^j • ^Tj-^Liil 

J^L4J>. J-O (j-ilj *-^ptJ 4_L3L^ «L>.jJ_l LoLc 1 (7 Ir^J ^(^" ^<U 



. C U_l_l_L 
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SJLsjlII I aSLaj i^jjj-Vl i^j-V null Sajjll 3JlaVl j-ja^. fjT) 3 i.XUJll 

340 L*jjlc j-Lljj oLjLlJJI j^Lj L£jLj ipUl II 4_lLulI cIjLu 290 p ■ '--»" 
.(ciL 295) 3JluJI 

«i i ii itj iPL 2_ol_ij_> «l_b ^1 oJLA pU'tl 4-iLi£. 

(_yj.II i_sL^5jVl ^ » ■ (jij^iJI j_ujJI AQ11 j_al_ijj SJLv .PD 

JlC.1 jill (_>ijt-i Ji-a i AQ1 1 4 ij ir-i I j" . I taj ( _ 3 j-JI liJJj J^l Jj ir->La3 I " i jJ Laj 
j^^i-i CjLLa^d a JLa-**( i uJ L^-Lo t Ij i iiLml IjiJJ CjLl^aJI ^w^ju L^_tj3 i. i * 1" 
(j^s 3*Lfl^ Jjal PD (jl JU>-j I iSj_uSLII 3j^)J.I ajjt f«-c.jj • Jlj^GJI 
jLOi-V! o^U. (j^a /.97 , 6 (yj j^p^JI (j^jViVitl PL jjl£ jiiis ,PL 

oVUJI / 1 00 PL (^^1 dU j ^ 3 j>Li j . PD j-aU>J /. 7 1 .8 JjLLo 

L^JLu (jjs (jr^'j 4JLai»Jt! i "'I i ^j"*- uuJI (jjs *JJ'^ a *L«jLa I jj'a Cr^' 
OjL£ tjjJ\ o\jJ! ^ iPD j_aLjj_J '/. 96 , 9 J_ll_2_a ~ J -» uaJI uilll 
.Jjal 1^3 t tajJI tU.au (jV <Laljii^la/l <jSUj ^LlILij ij .^a?PT SLuLs 

^ i il (jr-^ ' ^ M** P> 1 1^**' i I i 3j ^^-^ p U**it1 «LdjjJaj (jj-"J o?^^ 5^ j i -»J I 

^_aLjj-jJ! )i LaJ i its (jl^ JLoS . uul \ j j xj^JI jl ^j>J! ^ 1jj>*Li 

J^l SsLaSLi pU'll ^aljj Jm'i ..J uiHilj jj^j i>l i mi^Lj (_gjJI 

jf intermediate conclusions 2 taj ■ uj jjLu ^1 jij-" . ..I ■ _ .IU*.* yJI ^Lo-Vl y^ 
L* jJ (_ylll ji j ■ — H (j| L»£ . jjlliJ! jujjju (_JjJ I cjLi5cjj!jIL<jiVI 

(_^j-j>.| Ijj i<t (_gj, mi i tl j j j -»JI 3ej i n y L-*JLu ijJL^JL! SjJJLreja ^aUj^J! 
^ Jl < uil SjLC ^jir"i,i_) Jj iix>.LliVI JL^!j2J! ^1 S^LdsVLl jVjCla/>LI 
i5JLjJIj»J.I .-.I '^j-^ uilll ^yJI i^jJj l^ji^-n i S£Ll>.Lu^I Ij^ll «LaloicjLa/l 
J a >■ I ' i * ' eaJl (j^J ' aaJI uul\ (j^a Ji^Qjl JL£,LuuJ Lgxgajuj 

. p W**i 1 1 ^aLjju d la i ol ju j^l- l o T lI 1 1 JJt 
i^j^UI (j^a jjl^l tfLjAjaJLq j j t ^ 1 PLLajJju (^jJ-II JlcI ji-^II ^* 1 CcLgrv 
jj^ cUSIxj u-^^ £ ^^- J -^' Sijjtil 4jjJ (JjijJ ^aLijjJI jl VI 1 1 fliaj i iixi (j£_«jj 
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^j^S: 4-j * a j 1 1 j»l J.j- " i ill (j^Lfljj JLo jLso^l (jla 1 1 JJt . I glaj ■ ■■ "< 

. j_al_jj_jj! JLcljJa p laj a (j i n->-" i nl JlSj ■ 4^1 1 ui a diVL*-a 

j j j^JI (jjL«3 3l jL^ p It'll Cr'l J k»;tl «bi JJ-jj j»Lc J'C i"i_tj 

.juai<> 

AM 

1 jj^fljbjj SjlxUcj ^ '^Douglas Lenat cjLuJ (jjj^L>.jj ^jjlijJt I j-a> i. ."'C 

«L?e_>JI ^1 J se "1 i iiLj p_j_Al_iX1 JljJ^J (^yl^. J-^^ ^~°^>^ (_)Iu-AJla ^Ji^_4_i ^-Aj 
La_aljj_l AM (j-o-Jj .p I <~i tl 4-ajj-" i nil dilil SJjLII Sj^jjII 

(2r* ' " **• ~ 1 3JljJ_>J! 4-3jjlAI j> Jtir" i iij V «bV jj.il i nil < _ jr JL«JLLi pJLulil 

j_s!jJL! I_L& al I a ■*— i jjsj . 43 Lai m'i^I tOLa uul (Jj-»j =USL!j 

2 \\ * p j risl_a_a ' '5 1 ' **' " 4j3j-*_o 3j_£,LdJ AM ^_ol_jj-j tj^jjj 

dJIiJI J i aAll j Iaj|) stmctured objects CjLjLi^ J£LJu 

AM«gi£lUlg£ll 

(j-Aj j (_^ajL^ii»J! (j^s standud sLu^/Lia 4c (jLi£ J£ 

prime numbers>: 3-JjVl jIjlc^I» ijL&J ^^JLlII JUL! j-tajl 

4J9VI jlocVl 

2=(x) divisors pjj/!jil! jjlc :Jj^sV! 
y = x j! I = y < = (x I y) (y V ) = (x) ^Jjl : Jj^J,! ljLo. 

23, 13, I I ,7,5,3,2 tiJiaf 
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plsOJU oJLjLoJI gol jjJI 



j<u-ulj-aJI (j-o (j^"Jt3 W ir-i jljLci 

0>Lbl 2 ^ j-kj!) 800 
5_JLlI! (^) 3_l3jj-U £^*JI Cy 3 J-^'j^ jjjVIAM £_ol_ij_i ^ jLsr~i , ,nj 

jLa_j^ j_aLij_jJI j j 1 11 j i_ aj£ ■ La j i a 11 J (jl (jr^- LiJlcLcuj (^^J 1 1 

.3j_jJL>. ^j-ALa^a 

C^jL^ I jlj i L&JljJjj j<u JlS La A^gAl tULu -*j lajJI <JluL^ I jl : I ~(«^>- 

oLu LajJI tfj-ai <j-a JSL! SJ!lal .sLjcjI 3_<JL>JI 2 -i I 

.3j_lJ_>JI d j ' ^ J ' a >■ * I 

.(I a) ii-i-tt3 jj* (jl jju Lsjijj(ji (jSLj fs-I Ijlj 

. (j^-a^ai I 4-a-i3 S-lLjjj jojsj i(l j») J (jr-i ii-i^c3 jjfc Q») (jl ,_psj^l (jjl 
function 2 a j taj JL==-° La a j j a * 3JiLa^/l £-j-«j>. <Jlij Ijl .3-j«j>. 

• ^1 JLa-"i i nVI SjjLi 

cLc ^0_a_>Jtl (J-*JJ-ilj cLajli^aJI 0 JLA dtJ>0 J-i-al_ULll 0 J_fl> 3j^_i-a i. i I n~w1 (j j( 

. Ijla. SJjIa SJlal La a j j 1 (j! JL».j I jl :4-(4^. 
• 3 J n fr^l (JjXs ^jtjriU (ji j-jj^-Ij t<_u i nil JL>«j (jl JjLa. (j- 5 ! 
(^icj 1000 -l(j-a (»L9j^l (jJ^- l-ft^- S-^jjII 4jauJI (j-ulagj Lial Ijlj 

: (^jij La^ «L?e_u_(JI (j^j i ^Jlj>JLI ^c-i-ul ^aJI ^JlC ^ J J a rt 
JL>.| V : jc-*-ul ^aJI (j-a j * 1 a * jljLcl — j-aj-ss /«_tdul^ 
I : jL>.lj jtu^Loj jljX-T - 1 ^cu-uLd 

il3,ll,7,5,3,2 j<u-ul jill (j^s 2 jjju jl jlc? =2 /<u-uL9 

169 , 121 ,49. ,25. ,9 ,4 3 L^J jIjui! = 3 ^La 

I J-fli i<Lx»Al L^J (J-ujJ I JL>- j i ■ a II CjLcjjjj>J,I (jLa 4 ^u>«J I agjaj 

.2 ^_tdul_£ (jyl^. j^>- (_$i (j ■ La u . I J ♦ i**i i n i (jl (jSLa-i I jc-j-uLsj j-aj-sa ^_tduLs 
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tJ cl..k.oUI »ISUI 



4 4_jjlj_j_lJ1 ^__>jjJL>. ijr 3 j Ik-ll 1 (j-Aa- 3 i4_a_j jjJL>. L$J 3 Cj^S 

S-lLjj V^?^ ^ (*-*-t I 2 ■ laj . 4_Jj^/l _•! J__V! :2 jtu-uLS 4__j-a_*-a 

. Li^ia J£ 

ja-utLai! 4-j_>j_lU -i_s_>_M jj;^" 1 .' 3jjJL>. ^ajjkLia AM jJa-J 

. p U"ltl -^_a1jj j-taj ^ (j-* ^ J j ^ ■ ' * J + ) *Ia_J t 
3jJ___!! ' i lJa-Uj i l ^i\jj>. s $\ _$j" intl jj-* (jr--^ i^JpUMA ' ■ 1 taj * a- iL l - I Lb 
(< sL_<-_j___a L__<_a>> -Sj-^-J Sj_jJlj>JI 4_l_5j_*_U g X -»J1 u_4_>l w I C 

. !j_i__>j . .«<Li_>j_-a £-^>- LlLus tLui)) <__1 tajj L_>jj_u (___.! metaheuristics 

BACON -3 &>Ujd 
l 3_j___j_ h -aVt _£_!_»_-!! -_*-____'! (S-iLd) ^\ BACON -3 
Qa__3 i perfect gas laws ^LlII jUJI <_ru! _a_> Jila 2 -oxtail jja .j^VI ^Ir j 
^Ijiir". ..Li i ^jJLJLj. QajLaj Ohm' s law, ^ji QajLaj ^_y* coulomb's law i__aaJa_' 

.dllj Jjlj I j~ se i a jL__-'_' i aj CjL__>!j__3V! (jjSLj l_U_i 

(j-J_.J__ (jj^-J-ia (j-u __i__M_«_l i— al a JjriU 4x_j_«_>l -i_s_>JI _>aj 

. 2-a j^U-ia 4-a_<_) Cj _•! I a K I -j» La j j »" a 4-a_j_S Cj _•! !!}! 

• _Lj-U S-vj-S i i h-w 2-j»j 3_u!j_La 3_j_.|j__>! 3J_M__. (_p3j__3l (jil 

Qa_lLa -^l_j_J! i ^ uuSLj i5 -19 _)jJl_». (___) CjLjLljJ! j_aLij_iJ! e. LU_C UJ 

PV=nRT jLiJI 

(, U LiiaJI) p jjl i ^ u^lSLj Vjl . J_3.lj.j3 (__ic liili ^1 ^Ljj_JI _L__j_j 

^yii J__i___J! -JJ--3 _L__Ls. a j U 4l__5_j Lxj3 (jo_*_>J!) V I nK 

d o-j-S-ll _j a * * J_i__l__j 4J_CJj . _>-j- 1 _U- _)l 4_i VI i PV ^_?e_>J1 

I nK jljp PV (jl J->-J <t-i! <---f->.J .3_b_i (Sjlj_>JI 3_>.jj) T w 5 p LaJLuC 
^ l^-aj-i j J U* ^pJI j iPV/T JLa__-l (___) ^L)j_l!I j U tj ,Sjlj_>JI 

j-a _u!j-i- Sj_o.Vl 3_ujSL!l tfjuk _jl 3_j._lll 51; — .Mil j .6- 19 JjJ-*- 
iPV/nT 3_uji_«. 3_a___3 _L__L3- jJ-l-U ^.-U Lxua ijLiJ! imoles'n CjL_jjj>. 
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plsOJU oJLjLoJI gol jjJI 



^—al_jj-aJ! <J-<i£. ^ Luij . «Qjlii 7 - 1 9 <Jj Jlj>. jj-* ^ <<*>1j ^-A l_#j| ^ . >.**. ^ 

Moles Temperature Pressure Volume PV 

2 496.0 
2 496.0 
2 496.0 
2 579.2 
2 579.2 
2 579.2 
2 662.4 
2 662.4 
2 662.4 



Temperature 


Pressure 


Volume 


300 


300 000 


0.008 320 0 


300 


400 000 


0.006 240 0 


300 


500 000 


0.004 992 0 


310 


300 000 


0.008 597 3 


310 


400 000 


0.006 448 0 


310 


500 000 


0.005 158 4 


320 


300 000 


0.008 874 7 


320 


400 000 


0.006 656 0 


320 


500 000 


0.005 324 8 


jUdl Ju\ jt 


iiil j^a CjULj 5- 


19 Jy* 



Moles 


Temperature 


PV 


PV/T 


1 


300 


2.496 0 


8.32 


1 


310 


2 579.2 


8.32 


1 


320 


2 662.4 


8.32 


2 


300 


4 992.0 


16.64 


2 


310 


5 158.4 


16.64 


2 


320 


5 324.8 


16.64 


3 


300 


7 488.0 


24.96 


3 


310 


7 737.6 


24.96 


3 


320 


7 987.2 


24.96 




a jS; j! _A PV/T ji jUri Jl> 


j 5-19 Jj.i» wr . i 


4UI mHi 6-19 Jja* 



Moles PV/T PV/NT 

1 8.32 8.32 

2 16.64 8.32 

3 24.96 8.32 

PV/NT ji jUpi j*, 6-19 Jjj» j, aui 7-19 J,^ 
i*^> j j5j jf (jUJi j moles ii j-u- N ^~~) 
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.jajJa^. J; Sj i ■■ a jJaljJI ( _ ;r 3 Lg-aLai pU'll j-olj_l (jl 
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CjLcjjJaoJil (j>cj i<_ujJl!I J i i ii U I *Ia ■ aVI 

cLajLa SjLjJLC olj-LmJ (JilJ (j! J-cILsJ,! (j-o t_y^\ 
3JjLaJkl ^J-u-JI CjVjL»_a Cjj^Ial JL3J . ijlije-iil VL*_a 
La jjjjjj «L>.jL9 c I Laa. 1 ^1 p la « a ( _ ;r 3 

j! i*l A ij im ii II ^JlII (_5-Lc <L*JsaJ (j-SLaj 
^-jLlill (jl VI i LLaj-J I ■■ a tl sLUs^c Lufc LuJjL*-a 
CjljJJLfljJI £-a ^Lc J'C i"i_t Lijlj-J J-23 J}^-^ (jr^l J J 

cjLjj/L>J (^LiLJI ^jj^ uiXI (j^Lc^U p £h\ sxlj ■ ■■! 

^Jl A 1 1 ii itL LuIjjJL2j Cj J^G JL3j . (jji^sLiJI j_Ll>JI 

I jjt 4jt j_u_ujJ I 1 1 1 J 0^ j-* 

pJaJjIj 2 j » j j La tl CjLilll ^LsJUjs La-iij cjbSLII 
L i i uL>Jl (J-*-^>« 4_IjL?e_a iZjJi jja-La I Jl9j . 3j-L4_>J1 
jj^a SJjJLxjj Lea j-LaJ LaU La^3 pfliij 
3_L&ljJI 5JL»JI JJa SjUic i2jI_l2ju 3-ij-uIaJI 
^_alj-j j 1 rt j La ■ a j ij .(JL>Jtl I JLA d j * 2j 1 1 

Ij-a-jJLj j! (_,JI j»J-J-II 4-J-«_<_i JaJI oLiiJI 2l»JL« 
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0 J_A JiLa <j n"]j . L^-L3-l L^aj JL9 0?"*"^ ^LUaj-UaJlj 4j^jlLI! CjI ^_t-a^M <j-u j^4-> 
^l) 3_Lai_La CjI oK ,j-a jj£-a 5-°k>^" j-" o' ^LUalj-laVI 

q^SLj (jlj i(4_jJLlI! 4_«JLSLII (Jj-ij (jl a <l«J£ jjlj i_k3jjj jnK'U (jl 

_}JJl^fc_« ^ ol^"!! JJLC j^£L]J i3jJJL^t_a c_t_j£1j-U1 

. !jL>.!j i_L^a3e-Lt) (j^-J Lo 
jj-a A Ijla, CjLlaj JL>.!j CjJLalLa ijr^ £ L<JL>J! ^i)^*-*-^ J^'j-^' J ■ aj 23j 
Liajl ijJLijtj iSjLsJj Jjlj *j j i a 3 4-iaj I j , ^ I , jjj S-'^?^ Cr^' iCjI 1 K tl 
La! ."ijJI 2 ajU ;1 1 j -UjVl c3i>k (l^ Cr^' jLuuVI joSLajil 

Sj-C p J a ^j-Lali i (_£ jJlj ^ t_! (_£^M 4^j_»i j-aLjj_l Jfla 2 " i-SlI I j_alj_ij| 

1 1 Jl>. 2JLlLj L^jV S-JLjjlJ! . ^al jj,! ^ JjsjiJ! ■ ■■" V 10UJSLI! <jjj 

icL_Lj_»_a (_£j^>>l J_*_) cL_t_L»_a dl a K £-jLlj CjVLaloJ * i\ i n~w J-a-L*3 

. mi itl £_oL_o]1 Lj-fl JLa-**i i ii ] V 4_dJjJa 
. JljoVI IJljjlj LsjLjk Ijljj. JjJl^c_o 3^-^ f^-" w Sjj diljj 

(jJLlI 3_i_L)| ^f) Sjj^il ajiJJI iiLtj! £jLti (^Ic ^j-2i!l J_<1_<JL.U_jj G 

1j-j_t^ LL^ajIu ' ** i * La a i(^_jjLil! cL>.^J JjjjJa (j£. < < "L>J1 i _ ;r ll oL>.jt 

S^tjJij ol_aj I < U jl J 5-a (j_a i^^lSLII 3JL>. iiJ^ej 

cjLoj-LkJ.! ^L>.j" i nl SjLc Jjt" i . Sj^iill 2JLj/jJlI J^slSLII j^c. ■ ..A*.lt 

jl ^VjJ! i ii U S^jjJ,! 3 jig. I i no < ( _ ;r i>. i£L2jjJaJ! i>J^J CjJL^a ^aJI 

JL>J.I Ijlj* a j j , ^ ^ tl ^jJLl ^Ir j»jl21II j <i"nj i .1 j .pragmatic ^^Lall 
^1 (jSL«j L^jj i3_^,L>. a I j t ^1 jiill i^^>"» Chips cjLaLaj ^Ijij-'ml 

Vjl—LLa i JU>.!j jl jl ^ILa (JSLooj <LdJqj&jq CjLjj**i i h a (jr^- ^ j - L^T JI ^ o**i i u 1 

^a L^_La j<ukL^ijj ij»L2l!j (^mi «l>.jIj i_ij^j_U!j cj! nKtl jLlo~! ^>iiLa 

. VLtis-! jii^^/! j j i .. A*itl j^JJ Jj^sjiLIj I j Lu Lij^ i_ I j Li eaj (_gl J-^J j-aLjjj 
j-olj-jJI (j_o JljJLuJI 4_ojl_2J! 4-Lj-LaJI CjI j i i nil ( _ ;r 3 J}' J-taVI j 1 «j 1 uj 

cjLJLLILi . ~iljl . .. A", , „l jjJL diULjjJI jlcIj^ ,jji cjLo^mi ^IjJr" . nV 

3 s |_i^ jji^lj j_i^l jjslj_i «l_Li i_3JL^j Of jtl j <i" 1 in 1 .ij itL^ialaJI 

j_3l jjj ijlj^aJLI 3_aL«JI JlC.Ij2JI jLp£.VI ^ Sjo-I t^Jiir" 1 11U j^o jjljtlll 
U Li3j L-^LlLa-l A < j jU ^j-cJ jl 3JVI . .." IlA^jj . ^JLa-"i 1 nil d <jj U j 
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LA^-i ' " cJ^ ' ' ' £j-*^aj^G (J^>« L#J 4_jj->*Jtl 4j3jjl1I SJlcLjS ^ya CjLa^UU 

i^jjj til! juj 1 1 ^UJI j-iSLilJI (^Ic LajlcI i .."I «2^jjlJI j 5'al L^J 

. I Jl»- JiJJ(-JI ^jll (ji^: dilj OJ^-" (j^J >^l L^oL-u 

Jjj la II ^■J-La^LmJ iCjI.}j_iLU (j_o JjJlj*^o l.}Ji£. itQj-ulaj ijjjljjjl 

i_4J*jj .key words S_o-Llil.l CjLJSLII ( _ ;r Lc. i_Sjjil!l j^I J* a3 jl 3_JL>JI 
(J ""^ ^ * J .' ^* ^ CjLiUI (O-^jj ( _ ;r 3 (Jjj£jjiil ( _ ;r 3 ^JLfljJ! jlj^-l £-a-3JVI (jSL«jJ (jl 
Vj-J , 4 w uLUI £j>.!j_U JL>«J (jlj i ' La • ■ a 1 1 J 4jj2jj-a ^JLa-" mil Jijj La jl_^>-J 
jLliejj I jj** j La '_' (jl £ Lji^ (jr^'j CjVL«Io-VI jja SUjjJa 4-<ijL3 451 Lie I (j-a 
(JjLjaJLI (^Vl 4 i i"i jl (jJV! ^LLi^l naj (jl J-a-jjJ,! (j-oj . 4jjji1_1j La 
CjI j i i .itl ^ LiSLs-a 5\lj,^llj ^^Li^s^l manuals CjL»-u£JiLa Ijl>. 2 . ^ , ^-^-"1 1 

.4_a_}LdJI n q -»J1 

w *^"T1 ^ ^"1 1 ,iU jj-a ijr^ t ' ' ?* 1 (Jjt^JLj 3j-u_>J1 f< La III C'"i ul JuLJ 
cLljIj^j-V! j_a!j_jJI (j-o Jr!-^ J 11 " J.' i-uJll (^yi ^Lrr i i iij . 43j tall > Lcj^j 

L^J JL>.jj I 4-i^3-La3elXI (JjI i mU <_>^ajtj ( _ ;r 3 3 JUL I mull JLcl jill 

Sj_ii«JI i>J-A JlLa - La fj <i U 1 1 j |_g 'I i ^"aVI i nU (j^^C- 4 j a itVl (jjSLj 

L^_ij^ "LaLjja^Ljj . cr^J ^ !j d ' ".' *^>-LLo ^a!j_i jSLZu ( _ ;r a 

I o K Lajujljoj I jj La3 Lub (jSUj <jLa t 3 .....ij^JJ (jLaVl J<! .^I 

cjIjI mi" u.VI lL>u >L3VI J^l iiiaj 5 jJaLiJ.1 jjjl2hI ti]^LJ! : a_JLJ1 (jjjLd! 

bJI 

) S a (j<-aJLa-"i i ii U i_3^Lii.Ll Sj^iJI i u a cJiJjie_uj/J .CjIj-lIIj CjljLi«JI 
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^ o S .p_$_tjl_La jj-* d ^ ' '"'^ i ( uLj» 4Jal ui-u ^j^g-aJLa-" i n t (j-ijjl ^LnJI 

j| rA\< 5j.j ; Utl 4iij|j£J! 2JL>. ^ SjlcI malt £-o!jj dJLL* oj^-" 

piall] j^jSLaj *-^ T P* • • • Jplj-^lj tjj^j"^ <df^lj-itl Cjlj^OJJ ij^pSJ^M i_Lo^O_L&J 

(J_a_«_!lj p J I jj La-i£ (jjLujJLi A sc j i a III slj-ilj i_k3all ( _ ;r 3 ja£LajJI 3j_uiJI 
( j_a i_Jsa_J^/1 Ij C w 1 C (_£a2L=»o ^_a1j-l ^Lu L_SJL^_l tilt^t-JI ^ a**< < tu ( 

Sj^jLs-j architecture, «l_b c-ljJLj/I ^jjJoj lilti i . J-Ialu i uj . .Xc.1 j-iitl 

jl hardware jl * t It 3 i m itLi «.\^u Sjjjj^Ja ^ j ■ -■»"■ li^p- Sbjljlll 4jJLhJ.I 

t^M-v. iSjjjJlil (j-a S JjJ^. CjLjj" i ii a ^alj^JI iJJL^J (JJ^j ' "J • software j-alj-JI 

J_aLjj_l (JjJ-u t Ii Lj3 l*L£jlj LujJI ClLjj" I ii U ^Jij>-"i I n"t (jl Lli«JI ClLjj" I ml It (jSLaj 

1 3e U (jl 'Jjj^J ' a II (j-a (J- 41 ^ sl-jLs . (^yjSoILa La (j^aJc ui] (jj (*^J 

.pijjJI 4jjJ (jL£ Ijl La <L3jj<1 <UjJ cljULJI 3jLC:L9 
d * i nlj (JL-ajl d*C i ui \ J-U (j-oAjj (jl*"*! 4_aJHjt_a 3j-i_l>. p la * ■ la '"j" ■ 
(O-IaJjl iJJ^-l (jJI Lg-gJ) <t»->U jl milmVI Jjo^Li L$ia 

^j^Uj 3_c1j3-LI 3 1 1 ftLj i>\iLo 2k ,Ut1 oljl uiilmVI ^ jjVI oj^i 

(jjtflj (jjs «ljjiJI (jiLoiit (JjjLj/L^ ^ Jj a-"i i i i i La^ 

( _^a_Ltl _i^^e_a jj^a VjU t Jl tail ^Jjl i h 1,1 (J^. i"»ljt^^ ^_j_U^oj p taltl 

3 J_£- 1 i n a ^ pJJLjJ 1 ^_a I ^ i**i a ^a-& La^ 1 uJ I ^ 1 r 

i(J-cl agJIj jVj" t nVI <_ 1 1 nL>JI CjLilSLal ^ JLa-" i n'l pj I jl 4iii>JI 

.t—iljSLtl 2j i jl^'tl pU",tl 4 lj t iij ^1 jl?-" i ..I Lit J . '^'aVI ( 2ys oj&j ^ 4jLa 

^lj_il (_j-Lc Sjij i a a a iSjjtll JjiLajJ ^^jJI 5-aJii>-"i mil jjj-^' (J'j-^ 

U 13 J * "'"'^ .' d " ' *"' M ^jjJb J^Liiil (j-a I * i J '** La J^ij '^L^Jkl (j-a 4_Ll«ji 

Cujcj ((jr-ijV uiJ a i uJ (_gjJI) ^psljj^l jLajl 3jLc t_gj U i" j jUtl 
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cjLjL^ £.l_b prognosis cjU^SjJI JjI . nt 3 j <^>j-a Jj^-l J-^j^l (Jj^ (Jd>^ 

(j_« £j La «J (Jjl i ii U ^* ' Cr^J i4_j_LaJI ji 4_jJL<3_>JI j-uLatll (Jj-« w *^"t1 
jdjjuilll (jSLx-l sLul j ifuC £L2jjJaj (jLCUj (j-ajJLl d ^ I .", 1 1 C ClLajU U 

-3_JL>JI LuLilSLol jjjo- (^a-SJV! ^ 3_jjI£H.1 2Lajj<I! Jlsj (jl .SJj^-cuj 

4j3 _jjJl! ^ » 0 i u II Li£lj_}l Jsa-ij jj-fi 2_a_}LfLJI u (j -»J1 dlj i i u 11 ^3 (jSLiHj 

J_£,l i ii " i iij Sj_lj_>J! p lalJI *l_Li djljjl jjjlaj (jjIo-LJI j o"i i iu i nj 
4_3jj(_o (j_o a 'I i uVI ( _ ? _Lcj i(_Ljl i ii U (j-J5 3JljJl>- ^Ij-il 4j>JL«_o ( _ ;r 3 tfJLfli 
2 c I i -■» a (jl JLus (^yi Sijjii! (jj^-J (jl (.^Lc SjUJLc CjVL*-a ( _ ;r 3 CjLajl«-aj 

. SjoJj 4^jjtl.l <_3lj-a>l dj&j U'3 'J^Lx- 3 syntax t_4-£jIL> 

4 l^j i ii ^oJij ^1 4-ut-Lj-LaJ I CjLiill CjLxjI £-a 4j^_ajJ| SJs^LkJI 

d , ^. . -» j ^ Cj JL^-**i i ,i"i t ,ij tClLa^UU »1 q lr «L>.LL«J (Jl u VI 

jljJkl <j-U (j.o-4-uj/Lu/^/l 3_3jjlU (_^a^ii>-"i i nl el , ^ , ^ 4." 1 I <L»^X L ^1 jSlI 

(j-a (jj-IJ ^j?e-«1j-) JLcl ^JLJI ^*j>. < a * LcJ_t£. Cj JL^-j t n !!}Lc (j^-Jj 

(jl 2 a ^ se-iia II (jjs =L>-jjJI aJJt ( _ ;r lll j-olj-JI 'ftj j a aj SjLcLa Q^jla 

j_ujj| i-g-a-u eaj taj i o-i JLcl ^1 JLy" , i.Li I j i ■■ I JJ^~ (jlj i3j^i»JI (j^ p I »Tt 

i L^lSjJLA JlC.1 ij\ju±>Z tjle. SjjLa j ir^l'li .1 Vjl (jr^ • L^jl-Sl {V>2ll (^LcaJ^I 

. LlLkJI L^Ljjc_uIjILj/I (_gl JLcl jill oJLfli ^1 Jiir" t nl CjLlII lilli Jljlj j^iaj j<u 

La VI (_Lt-aj (jl «^ty, , ,," V cjLjj/L>JI (jl_i JSLSJI ^jLiJI jlSUJI jJLLuj/j 

. jJl^L5 J^l 4ILi^,J^ ill a (jLi_u_l^M 4_l 
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. 1938 ^Lc 5_ujj>J! j i^rn 4jj^*5tj 4jjJ_cSL-uV! ^ jjj * 

. 1981 j»U Sjl^I oLVaJL 
. 1983 J£>. 1981 4A)jj£-J^\ 3jl*U. ^ Ja^ * 

(j-oj 1^jILj_La^ i mill J_a 0 C * 

. 1984 4jL^i ,y3. 1983^ SlSLj^VI 2j_*iU 

4jlaL*j CjUtll! £ ^-*J-S 

. 1989 i^r^" d_»_aLrt_i 

j < o~< 1 11 J-La J * i"i_l * 

4_I * 




A 1 J-SCJ-UJ 1—1 Cj Lt— U 1 (J-UJJ Jjj 
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ttj-cl i-ta -^V1 *l£jJI ^Ic (^jjJ! iX>L2U t_jLiSL!1 t jut ^J-2j 

3 JjJjl)! 4jI Lulall! 3j_o-Vl Cj! j 1 1 ntl 4iILi 4-uuti l. » i uj£l liujo. joi^. 
4-JV! 4-«j>.j_U!j t_ijjj/L>Jlj CjIjI jVi ( .iVIj £-LajJl£ ^i9rP- CjVL*-a 
<-iljl uiJ n_gJjLj(j ^aJ^. 4jl_> w c I tla i aVI jai^. j_L4_uj . Lij_j£.j 

3 i 111 joJLcj qjlAjJI CjLj_UsLjjJIj (^Vl <■ . < .ib>Jl »l n\c 

Lj-Cj-i la j a I j o\c La-^-i g J '_' J-^J t43VK ililj 43ljl£Lalj ^ c I Ua i a VI 

■LiliSLU j«JL«JI I jut tj/Z. i_iL£ Jji j jl j ,Wlj ,-iUtl ,1 1 

^ 1 ;U,^.VI s ^jJI 3_l12j ^1 jii=_u-J ^ }Lol£ .M Lai jij-ij 2L3jj<J.I 

i> JUt j ill " j . ^V! <■ 1 1 nL>JI L^a JLa-" i uj (j-iJI 4-Lgj.LCj I j-alj_JI ( _ ;r 3 

Jjl^o (_P-a t_jl_iSJI L^JjLuj joJ (_fjj>.l jjLa^s dJLLa (j! ^1 SjLJuVI 

IjdjJUoJI H l«tt (_p3JJLlLl j_UlIjJ JjJL>JI joJLkJI I JUjJ 4-uj/L-uVI J-><-II 
(j! J-oljj ^j,„,",lt LaJj V 4j! VI (^JiUJI iXjLai! 4^j.j3 (<ii.jj 

cjVL*_o ijr ^ 4iiILi SjljJi^. JLtci Sjj^Li t-ibSLII I jut q^SLj 

.^ Uk^a VI 4 KjJU 3^1^! .Ju^l 



